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CAREER BOOK 


handy Morrow finds adventure - 
and perhaps a career- in the 
exciting world of electronics. 


Randy Morrow, a typical American 
boy in his early teens, continues his 
search for new frontiers in r i HERE’S 

ADVENTURE IN ELECTRONICS. 

His father, an expert writer in the sci¬ 
ence field, shows the boy how to do it. 
Here, in a warm father-and-son rela¬ 
tionship, Randy begins to see the bril¬ 
liant future of controlled light and 
sound waves. 

Any curious boy can find the mate¬ 
rials and perform the absorbing ex¬ 
periments Randy works out in this vol¬ 
ume. Sometimes with Sam, his brother, 
and sometimes with his dad and friends, 
Randy discovers the thrill and excite¬ 
ment that comes from understanding 
and using the vast natural laws o the 
universe. 

Randy finds for himself that there’s 
more adventure in electronic experi¬ 
ments than there is in a whole movie 
devoted to cowboys and Indians. 
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Popular Mechanics 
B uild -It- Yourself 




Show a boy this book and he will want it. 
Let him take it home and he will open it 
oftener than he ever has any of his fa¬ 
vorite comic books. See that he has the 
use of the simple tools and scrap materials 
this book requires, and he will turn into a 
junior craftsman. You’ll be surprised and 
pleased at the things he will make, and the 
fun he will have with them. 

Popular Mechanics Build-It-Yourself Book 
for Boys is a one-volume treasury of ad¬ 
venture and activity for any boy. He 
doesn’t have to be so very handy with 
tools. All the projects were chosen especial¬ 
ly for boys, and the building instructions 
were written for boys with limited craft 
experience. The working drawings and 
how-to photographs were prepared espe¬ 
cially for easy understanding. 

On these pages a boy can learn how to 
make flying airplane models, boats that 
actually sail . . . vehicles for sidewalk 
racing . * , sleds and coasters for snow 
sports ... an aquaplane, water skis and 
paddle float for summer days on the beach. 
There are many kinds of kites a boy can 
make for windy spring days which are 
different from any he can buy—kites that 
will make him the envy of his fellows. 

From this book he can learn to make and 
throw a boomerang . . . build a complete 
archery kit . . . assemble a practical print¬ 
ing press . . . set up a telephone or tele¬ 
graph system linking him with his best 
pal . . . build a tree house with a trap 
door. Here, by making toy motors which 
will operate his construction toys, he will 
learn basic principles of engineering. Here 
the budding electronics engineer will learn 
to make simple one-tube radio sets. 

The projects are varied in size and scope. 
There are some, such as a model of the 
S.S. United States, which can keep him 
busy for a whole winter’s long evenings. 
There are simple projects that he can build 
and play with on the same day. An example 
oi such is one of the most ingenious toy 
cannons we have ever seen. 


Randy Morrow, the central character in THERE’S AD¬ 
VENTURE IN ATOMIC ENERGY, is an average Amer¬ 
ican boy in his early teens. His father is a writer of science 
books, and step by step he introduces Randy to the 

mysteries and wonders of the 
world of the atom. 

Perhaps the greatest of the 

new sciences is the develop¬ 
ment and control of atomic en¬ 
ergy. As Randy finds out. here 
is the fuel to power the indus¬ 
tries of the world by the time 
he has become a man. Here, 
too, may be the power that will 
some day take man to the stars. 

Randy learns so ne of the 
atom’s supreme powers by 
simple experiments which any 
reader of this book can per¬ 
form, too. 


Every material thing about us is compounded, basically, 
of chemical elements. Side by side with his dad, Randy 
Morrow discovers the secrets of this fascinating science 
in THERE’S ADVENTURE IN CHEMISTRY. Handy is 

nn average American boy in his early teens. 

By his own experiments — 
which anyone can perform — 
Randy learns that here is a 
science so rich in interest, so 
boundless in scope, that only 
the boy with no adventure in 
his heart would fail to be inter¬ 
ested. Randy's curiosity finds 
its own reward in new excite¬ 
ment and ’ascination as he 
works among the strange laws 
of chemicals. 

Not only Randy Morrow, but 
any boy filled with curiosity, 
will find absorbing interest in 
world of chemistry. 
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THERE’S ADVENTURE IN ELECTRONICS 


I like that title, yes, indeed! How vividly I still recall 
some of the exciting episodes in my early career—first in 
wireless telegraphy, before the word “electronics” had 
been coined, and in the rushing years that followed. 

It was a thri ling adventure when my first crude re¬ 
sponder, carried in the rain to the roof of the Lakato Hotel, 
Chicago, where I sat under an umbrella, gave in my 
telephone receiver the faint whirr, whirr of the spark 
signals from my Wehnelt interrupter and spark coil at 
Armour Institute, a full half-mile away! 

I compare my excited joy to that of hearing a Beethoven 
Symphony! Similar happiness resulted from time to time 
as my wireless range widened from 100 to 2100 miles 
through the ensuing, exciting years. 

And then in 1907, my crude radio telephone transmitter 
succeeded in sending my voice and the William Tell Over¬ 
ture from my little laboratory in New York three miles to 
the Brooklyn Navy Yard operators! That made small and 
insignificant all my earlier triumphs in wireless telegraphy. 

My next adventure was transmitting from my tiny trans¬ 
mitter in the attic of the Metropolitan Opera House the 
voice of the fabulous Caruso, which came by wire from a 

microphone concealed between the footlights of the s'age 
below. 

But between those events my o:t-interrupted experi¬ 
ments in attempting to find an entirely new electronic 


ii< Hon m a lowly gas burner name, hnaily led me to the 
io < ilion of a crooked bit of wire, a “grid” as I called it, 
'•* i urn i a red hot carbon filament and a platinum plate, 
,M inside a miniature glass tube, which my keen-eyed 
i aslant named the “audion.” 

Tlui event, small and insignificant as it then appeared, 
l'H»\rd in later years to be indeed an “Aladdin’s Lamp,” a 
"i 11 fie key that has opened during ensuing decades un¬ 
bankable realms of treasures whereby the human race has 
been enabled to unlock new realms of more than fabulous 


i 


n liievcments. You all know some of these miracles that 
now become commonplace—broadcasting of music 


i. i \ ( 


oh I the voice, then sight by television, radar, radio service 
•bn alone makes today’s aeronautics possible and safe! 
\ i it oi nut ion, computing machines solving in seconds 
inotillis-l mg problems for scores of mathematicians—far 
11111 many short-cuts in manufacturing processes to enumer- 
mi a years time, to say nothing of the infant transistor. 
Vnd every successive advance has meant a thrilling 
nl\rnture for the experimenter, be he a young engineer 
lu ll Irom college, or a staid professor who has watched 
Tr c aravan of wonders march so smoothly that the thrill 
old i seo very has grown stale and matter-of-fact routine, but 
v\ hich he too has long ago played a thrilling part. 

Hill know ye all that all that has gone before is but a 
Inn revelation of the boundless future that lies ahead. 

' HERE’S ADVENTURE IN ELECTRONICS should 

lm<‘ you, spur you, to dream great dreams, and then to 
1 w;tke in the firm resolution to achieve these dreams! 


Lee de Forest 

























PREFACE 


To the Reader: 

This book will introduce you to some of the wonders of 
electronics, one of the most important sciences in today’s 
modern world. 

As you get to know electronics better, you’ll want to 
build pieces of equipment yourself. Follow these common- 
sense safety precautions, and electronics will be safe as well 
as fun. 

1. Never touch wiring or components of a piece of equip¬ 
ment that is plugged into an electrical outlet. Do not merely 
turn equipment off before adjusting it; pull the plug out . 

2. Do not operate receivers or other high-voltage equip¬ 
ment near grounded water pipes, radiators, or other 
grounded metal objects, 

3. Never put up an outside antenna for a receiver or 
crystal set without incorporating a lightning arrestor. Such 
antennas have been the cause of fires, and their presence 
voids fire insurance policies. 

4. Do not operate electronics equipment that has be¬ 
come wet, or use your equipment in a wet place. 

5. When soldering, place the iron in a safe place when 
you are not actually using it. Remember the tip attains a 
temperature of 600° or more! 

6. Keep your equipment away from small children. 

Electronics is a fascinating hobby—but it can be more. 

Most of the men and women who now make electronics 


11 >" ii < ireer became interested in the science through home 

• |>' nmenting. Perhaps you will, too! 

• I in ‘ago, Illinois J. M. 
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CHAPTER 



The magic 

waves 


li\ n. M< iiu tow stood, partially hidden by the scarlet leaves 
i it i inlxrry bush, and watched the mysterious activities 
n| Iiin new neighbor. 

< l»'|• Mylan had moved into the house next to Randy’s 

I' ■. 11 1 . 1 m a week ago, but the new boy had shown no inclina- 

'i >n to l>r friendly. Instead, he spent nearly every minute 

’• Id-. • pare time working on a shack he was building in his 
• nirk yard. 

1 he little nuilding was nearly finished now. About six 
•<|uaie, it was neatly covered with blue roofing paper, 
v •■Ingle window and door that seemed to have been ob- 
•Mliicd second-hand tom somewhere were painted white. 
' 1 "i'e corner, a tall pole, resembling a clothes pole, except 
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Chip Mylan looked up from his hammering . . . 

that it was nearly 12 feet high, projected skyward. 

Although the shack itself didn’t appear to be very mys¬ 
terious, Chip Mylan’s comings and goings did. First he 
was in the shack, then out, then on the roof, then down 
for a crawl around the foundation. He bored holes, ham¬ 
mered stakes, screwed anchor bolts everywhere, like some 
busy beaver. 

In every move, his hands were full of gear—coils of wire, 
glass and metal cup-shaped articles, long screw eyes and 
an entire battery of screwdrivers, clippers and pliers. Such 
concentrated activity was bound to invite speculation from 
the curious. Randy had watched and wondered for quite 
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it him before finally going out to fully ease his immense 
tin iosity. 

Sounds of hammering came from the side of the shack 
immu the pole. Randy worked his way through the bushes 
mil entered Chip Mylan’s yard. 

ih, Chip,” he smiled. “Got a minute?” 

< hip Mylan looked up from his hammering. He was a 
mII ivc 1-haired boy in his middle teens. His eyes were deep 
i< n) arid unfriendly. “What d’you want?” he asked curtly. 

Handy swallowed. “Well, I-uh—Halloweens next week, 
<ml were inviting everybody in the neighborhood to this 
I n In cite we’re throwing. I thought you might like to 

come.” 


< Inp started hammering again. “No time,” he said 
\hoiily. He was fixing nails with white porcelain insulating 
I nobs to the walls of the shack. 

( >h. That’s too bad.” There was an awkward pause. 
*\\ hat’s that you’re building?” 

Mighty nosy, aren’t you?” 

I )on’t get sore,” Randy said. “You can’t blame a guy for 
bring curious. You’ve got a nice-looking shack there.” 

< hip grunted. For a minute he seemed a trifle less dis- 
n u r able. “It’s a ham shack. I’m just installing the antenna 
I- id in and lightning arrestor.” 


“The what? 




Lightning arrestor. Don’t you know anything about 


i iidio?” 

"Not much—” Randy began. 

Well, don’t expect me to teach you,” said Chip rudely. 
Il< i mned his back and resumed work. “So long,” he said. 

So long,” Randy said hesitantly. 

Hack in his own yard, Randy bumped into his nine-year- 
oltl I>iother, Sam, who was cleaning trash out of the barbe- 


me pit. 
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“Been talking to Chip Mylan?” Sam asked. 

Randy glanced back at the ham shack. ‘Til say. No won- 
der they call him Chip. He’s got one on his shoulder that’s 
as big as a flagstone!” 

Sam laughed. “He’s supposed to be some kind of a kid 
genius. Builds all kinds of gadgets. Did you take a look 
inside that shack?” 

“No. He didn’t invite me in.” 

“I know what’s inside,” Sam said smugly. He poked an 
old bird’s nest out of the barbecue chimney. 

“Radios. Real fancy ones. And a lot of other electrical¬ 
looking stuff. I had to know what was going on over there, 
so I sneaked a look the other day when Chip wasn’t home,” 

“You shouldn’t do that kind of thing,” Randy said 
sternly. 

“Afraid that Edison, Jr. might ambush me?” Sam 
grinned. 

“One of these days you’re going to get clobbered for 
snooping where you don’t belong.” Randy paused, then 
asked, “Did he really have a lot of equipment in there?” 

Never saw so much. There was a sort of a wooden table 
with a lot of stuff on it. And some shelves made out of 
apple crates with more junk. There’s a funny-looking map, 

too, and a bulletin board full of postcards with funny num¬ 
bers on them,” 

A ham shack, Randy mused. “Isn’t ham a name for 
amateur radio operators?” 

Seaich me, Sam said. Anyway, I’m glad he’s not com¬ 
ing to the barbecue. Now I can eat twice as many hot dogs. 
My share, and his share!” 


That evening, Randy and the rest of the Morrow family 
were sitting around watching television. The unpleasant 
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Looks like some kind of interference” Mr. Morrow said. 


< I up Mylan had been forgotten. 

The program had reached its exciting climax. The cabin 
h<n from the swamped fishing boat was swimming des- 
P' lately, trying to escape the swarming barracudas. 

M ( ’ome on, kid!” Sam urged. “You can make it!” 

< >n lie screen, a ferocious fish lunged forward. Then— 

Shhhhhhhh! 


\ harsh hissing noise blotted out the sounds of the tropi- 
«mI waters. The TV picture disappeared in a pattern of hori¬ 
zontal bars. 


< >h, for Pete’s sake,” Randy exclaimed. He tried to ad- 
r i I he television set without success. 

"Looks like some kind of interference,” Mr. Morrow 
1 . “A signal from some other kind of apparatus is inter¬ 


im 


l< i ing with the signal from the TV broadcasting station.” 
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“This never happened before,” the boys’ mother said. 
“What a shame! Right at the most exciting part of the 
story.” 

“What kind of apparatus could do that, Dad?” Randy 
asked. 

“Oh—a short-circuiting appliance, perhaps. Or an ama¬ 
teur radio transmitter.” 

Randy’s eyes narrowed. “A ham transmitter, eh?” he 
muttered to himself. 

“I don’t see how a radio transmitter could spoil a TV 
program,” Sam said. 

“Both radio and television depend on the same kind of 
waves for their operation,” Mr. Morrow said. “Both sig¬ 
nals are waves of electromagnetic energy.” 

“I never thought much about the way TV works,” Randy 
said thoughtfully. “Just turn the knob—bingo! There’s the 
program.” 

“I could tell you a little about it, if you’re really inter¬ 
ested,” Mr. Morrow offered. 

“Sure, Dad!” 

Randy, Sam, and their father went into the kitchen. Mrs. 
Morrow had decided to listen to records and get some sew¬ 
ing done. 

They sat down at the kitchen table, and Randy set out 
a glass pitcher of sweet cider and some potato chips. 

Mr. Morrow took a long-handled spoon and tapped the 
surface of the cider in the pitcher. Rings of tiny waves rip¬ 
pled the surface of the liquid. 

“Both radio and television signals are very much like the 
waves in the cider,” he began. “Tapping the liquid trans¬ 
fers energy from the moving spoon to the cider. The wave 
motion shows the energy moving in the cider.” 

Mr. Morrow took a tiny piece of potato chip and dropped 
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n onto the surface of the cider. 

Notice how the potato chip stays in one place, even 
ili.»urji the wave travels from the center to the walls of the 
, ii cl in . The liquid acts as a highway for the waves. It 
hiovrs up and down, but not sideways. The energy moves 
tilt Icways.” 

I hr waves in the cider had nearly died down. Finally the 
h |tn<l was calm again. Mr. Morrow fished out the piece 
nl potato chip. 

‘You can see that waves don’t travel forever. The energy 
thii was needed to change the shape of the cider has finally 
l i<rii absorbed by the liquid and the walls of the pitcher. 

I understand,” Randy said, 

NI r Morrow took a fork from the drawer and struck it on 
tlir rdge of the table. There was a humming sound as the 
Iml t ines began to vibrate. 

"Sound comes in waves, too. It moves through the air, 
in 1 1 ing waves in it that resemble the waves in water. If you 
♦ on Id see the sound radiating from the fork, it would look 
lil* a series of expanding bubbles with the fork at the 

center.” 

I see,” said Randy. “The energy from the vibrating fork 
I . pushing the air into waves, just like the energy from 
I hr spoon tap pushed the cider into waves.” 

"That’s right.” 

Sam said, But what has this got to do with radio?” 

I in coming to that now,” said his father. “When an 
« l< < trical current runs through a wire, it has energy. Some 
of its energy can be transformed into waves that travel 
11 1 rough space, just like some of the energy of the vibrating 
lurk was transformed into sound waves. The waves pro¬ 
duced in space by an electric current running through a 
wire are called electromagnetic waves.” 
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Different kinds of waves 



1 Energy from mov¬ 
ing spoon makes 
waves in liquid that 
we see with our 
eyes. 



2 Energy from vibrat- 
ing fork makes 
sound waves that 
we hear with our 
ears. 


“Electromagnetic?” asked Randy. “What does that 
mean?” 

It means that the waves have some properties that are 
electric, and some that are magnetic. Radio and television 
make use of electromagnetic waves to transmit sound and 
pictures over long distance without wires.” 

“Wireless communication!” Randy exclaimed. “Sure! 
That's the British name for radio.” 

Sam asked, Do electromagnetic waves move through 
the air, then, like sound waves?” 

“No, Electromagnetic waves can move through a vac¬ 
uum. A radio would work just as well in outer space where 
there isnt any air. But a space explorer wouldn't be able 
to hear what a man next to him was saying, since sound 
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3 Energy from electric current running through wires makes electro¬ 
magnetic waves that are detected by radio receiver. 


waves have to travel through air.” 

Handy looked confused. “But if electromagnetic waves 
don’t vibrate in air, what do they vibrate in?” 

Mr. Morrow shook his head. “Scientists haven’t been able 
to agree on that question, son. For now, just think of elec¬ 
tromagnetic waves as vibrating in space.” 

‘Do they move very fast?” Sam asked. 

“()ver 186,000 miles a second.” 

Does anything stop radio waves?” Randy asked. 

“Their energy is eventually absorbed if the waves strike 
the earth, or buildings, or even molecules of air. If the sig¬ 
nal is very powerful, it might penetrate the atmosphere and 
travel into outer space. It might travel for billions of bil¬ 
lions of miles, then. We receive radio signals from certain 




ii 

















































































































































Electromagnetic radio waves 


to 

infra 

red 

light 

1 MM- 

1 CM- 

10 CM- 

1 M- 

10 M- 

100M- 

1,000 m- 

10,000 M-- 

100,000 M- 

1,000,000 M- 

10,000,000 M- 


— 

r 

7 

.O' -- 

-'oj. 

-w — -^ 

—:- 

oo 


Long and short waves have different characteristics, and do many 
specialized jobs. 


stars, you know.” 

“What are the stars saying?” Sam asked. 

Mr. Morrow chuckled. “So far, the messages seem to be 

just like static. One of these days we might get an intelli¬ 
gent signal, though!” 

“Signals from the stars,” Randy said thoughtfully. “I 

si ppose there are lots of different kinds of electromagnetic 

waves.” 

Yes, there are. And the different waves have different 
characteristics and do different jobs.” 

Mr. Morrow told the boys that waves could be measured 
I mm crest to crest. “The wavelength of the cider waves 
was only a fraction of an inch. You can measure radio waves 
lliat way a 900-kilocycle station would broadcast signals 
with a wavelength of nearly one-half mile.” 

“Wow!” exclaimed Sam. 

Mi. Morrow went on. But radio wavelength is usually 

measured in meters or centimeters. You know that a meter 

is about 39 inches. Ordinary long-wave broadcasting sta- 

1 i (,ns send out signals with a wavelength of several hun- 

<1 ed meters. Short wave radio goes from 160 down to 

about 6 meters. Television waves are only a few meters 
long.” 

How about radar?” Randy said. 

Radar uses very short waves—only a few centimeters 
long. Very short waves are called microwaves. Microwaves 
aie just beginning to be developed. In many ways, they 
behave more like light rays than like radio waves.” 

“What are microwaves used for?” Sam asked. 

“Well, you know about radar. It locates objects and plots 
formations and does other important jobs. Besides 
adar, theies miciowave communication, used to transmit 
I (dephone messages and TV programs over long distances. 


13 




















































































































Wavelength, cycles, and frequency 





Wavelength is measured from 
crest to crest. The waves in 
this picture look as radar 
waves would if you could see 
them. 


This is a single cycle of a 
wave. It begins at zero en¬ 
ergy, rises to a peak in one 
direction, falls to zero again, 
goes to a peak in the oppo¬ 
site direction, then returns to 


zero. 


>> 


You’ve probably seen microwave transmitting towers out 
in the open country when we go on automobile trips. They 
look like big square funnels up on top of fire towers. 

“So that’s what those things are!” Randy said. 

“Microwaves are used in guiding missiles, too,” Mr. 
Morrow said. “And they’re used in medicai therapy and in 
physics as well.” 

“I think I understand wavelengths pretty well, Dad,” 
Randy said. “But what about frequency? When stations 
sign off, they say they’re broadcasting on a frequency of 
something kilocycles. Is that the same as wavelength?” 

“Not quite. Frequency has to do with the number of 
waves that come along each second. Cycle means an action 


one second 


• » * ncrgy 



frequency = 1 cycle 


m. energy 



frequency — 2 cycles 


m* energy 


frequency — 8 cycles 


Frequency Indicates the number of times a wave cycles during a 
ingle second. Although the waves above have different fre¬ 
quencies, their energy level (height or amplitude) is the same. 


that repeats itself over and over again. In the case of radio 
waves, the cycle involves the forming of the wave.” 

Mr. Morrow turned to the pitcher of cider again and 
tapped the surface of the liquid to start wave formation. 

“If we were clocking the frequency of these cider waves, 
we’d figure a wave started at the level of the calm liquid, 
rose up to a high point or crest, dropped down to a low 
j)oint or trough, and returned to calm level again.” 

“That’s one cycle?” Randy asked. 

“Right. If only one wave moves past a given point during 
one second, the wave would have a frequency of one cycle. 
If two waves moved past during a second, they’d have a 
frequency of two cycles. If a thousand waves went by, the 
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frequency would be 1000 cycles or one kilocycle. Kilo 
means thousand.” 

“I get it!” Randy exclaimed. “A radio station that oper¬ 
ated on a frequency of 600 kilocycles would send out waves 
that cycled 600,000 times a second!” 

“That’s right. And the higher the frequency, the shorter 
the wavelength. Now let me show you how to send a mes¬ 
sage with radio waves.” 
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CHAPTER 



Morse and 
modulation 

Wi cen Mrs. Morrow peeked into her kitchen a few minutes 
later, she wondered if her husband and her sons had sud¬ 
denly gone crazy. They looked like they were playing a 
game of jump-rope! 

“Don’t look so surprised, Mom!” Randy grinned. “We’re 
just sending radio messages with this rope.” 

Sam was holding one end ol a six-foot length of rope. 
Kandy held the other end and shook it gently up and down 
in a steady rhythm. 

“See the waves moving through the rope, Mom?” Randy 
asked. 

“Well, yes, but—” 

“I’m the transmitter and Sam is the receiver. The waves 
in the string are radio waves. The waves are all the same 

17 












































































































Modulation — waves carrying messages 




Unmodulated carrier wave 




Amplitude-modulated carrier wave 




Freauency-modulated carrier wave 
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size because I’m transmitting a carrier wave.” 

The carrier wave is going to carry the message,” Sam 
said. Then he looked a little puzzled. “At least, that’s what 
I )ad says. I don’t see how an old wave can carry a message.” 
Mr. Morrow said, “Sam, they laughed at Marconi, too. 

I )on’t be such a conservative.” 

The boys’ father explained that the carrier signal Randy 
was generating had a frequency of about two cycles. 
Handy, I want you to shake the rope at the same fre¬ 
quency. But give alternate weak and strong shakes.” 

The wave pattern changed. Now there was a repeating 
pattern of a small, then a large, wave. 

When you change your signal like this, you modulate it. 
Since you’re changing the size of the wave—the amplitude 
your message is coming across via amplitude modulation 

or AM.” 

AM radio!’’ Randy exclaimed. “Sure! And FM radio is 
frequency modulation. I’ll bet I can send a message by 
f i cquency modulation, too.” 

Randy tried it. This time he shook the rope at a constant 
strength, but varied the number of shakes per second. 
That’s pretty neat,” Sam admitted. “Radios not so 

tough.” 

Television is, though,” Mrs. Morrow said grimly. “I 
just tried to get Television Theater, my favorite program— 
and that awful interference is back again!” 

Mr. Morrow explained that he couldn’t do anything 
about it. “If we only knew where it was coming from, we 
might work something out.” Mrs. Morrow shook her head 

sadly and went out of the room. 

“Dad,” Randy asked urgently, “are you sure that a radio 
transmitter could spoil a TV signal? Don’t they broadcast 
on different frequencies?” 
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Energy “overtones ” — the harmonics 
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Harmonics in music 8 

When middle C is struck, the 
piano string vibrates most of 
its energy at the fundamental 
frequency (256 cycles). But 
some of the energy appears 
at frequencies that are mul¬ 
tiples of the fundamental. 
Musical harmonics make for 
richer tones. H 


Harmonics in radio 

Carelessly designed transmit 
ters produce harmonics. Ir 
this picture, a 50-megacycU 
fundamental signal produce: 
harmonics at 100, 150 anc 
200 megacycles, causing in 
terference in the TV bands 


“Most of the energy from a transmitter goes out over a 
single frequency—if the transmitter is properly engineered. 
Hut transmitters aren’t perfect. A broadcaster may intend 
lo send out a signal on one frequency, but his transmitter 
may actually be sending signals on several wavelengths at 
once.” 

“How could that be?” 

Mr. Morrow tried to explain. “Compare this situation 
with sound waves. The tone middle C sounds different 
played on a piano and a violin. Both instruments ‘broad¬ 
cast’ most of their energy on the middle C frequency. But 
if you analyzed ihe piano note, you’d find that energy was 
also appearing on the frequencies of high C, high G, C 
above that and E above that! These notes have frequencies 
that are multiples of the middle C frequency. High C is 
() times 2; high G is C times 3; the next two notes are C 
l imes 4 and times 5, respectively. These higher notes are 
railed overtones or harmonics.” 

Kandy asked, “Do you mean that radio transmitters can 
produce signals with overtones—just like a musical instru¬ 
ment?” 

“That’s right. But we want overtones in music because 
I hey make for pleasing sounds. Overtones or harmonics in 
r adio signals cause interference. You can see why.” 

Randy nodded. “But can’t something be done about in¬ 
terference?” 

“Certainly. Something not only can be done—it must be 
done. Stations that broadcast powerful harmonics are vio¬ 
lating the law. A properly designed transmitter will send 
out energy only on its proper frequency. Its harmonics 
would be so weak that they wouldn’t even be noticed.” 

Randy said suddenly, “Dad, I’ve got to go outside for a 
minute.” 
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“What do you know about harmonics ?” Chip muttered. 


“Sort of sudden, isn’t it? What’s up?” 

“I’ve got an idea,” Randy answered. 

“Ideas, ideas, Always he’s got ideas!” Sam muttered 
under his breath. 

“What kind of an idea, now?” asked Mr. Morrow, 
“Don’t pin me down. I’m not sure,” said Randy. 
“Getting bored with the explanations?” asked his father. 
“Not at all, dad. I just think I know where our har¬ 
monics are coming from, that s all.” 

“What’s up, Randy?” Sam asked seriously, 

“Can I go, dad?” Randy asked. 
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“It’s pretty late,” Mr. Morrow said. 

“Just out in the yard. I won’t be a minute.” 

Sam said, “I want to go, too.” 

Randy glared at his brother. “No help wanted.” He 
grabbed up a jacket and slipped outside. 

11 had grown very dark. But a light shone faintly through 
die bushes that separated the Morrow yard from the My- 
l-ins’. As Randy pushed through the leaves he heard a 
I )< culiar peeping sound coming from t ’hip Mylan’s shack. 

Chip was in there. Randy saw him, through the window, 
illing at a wooden bench. As Chip tuned one of the pieces 
ol equipment, the peeping stopped. Chip himself began 
to operate a telegraph key. 

“And there goes Mom’s TV program, I’ll bet,” Randy 
whispered to himself. He knocked sharply on the door. 

Chip Mylan’s red head flew up in surprise. He tapped 
;i few more code letters, then flipped a switch. The door to 
the ham shack opened. 

“Hello, Chip,” said Randy. He wasn’t smiling. 

“So it’s you again, Morrow. What d’you want?” 

“There’s something I’ve got to talk to you about. Some- 
thing important.” 

('hip scowled, but stood back from the door. “You might 
as well come in.” 

Randy entered the place and looked around with in¬ 
terest. On the wall was the peculiar map Sam mentioned 

seeing. Beside it hung a 24-hour clock and a plastic sign 
saying, W9QRM. 

“Now that you’ve satisfied your curiosity,” Chip said 
sarcastically, “would you mind telling me what you want?” 

“How’re your harmonics these days, kiddo?” Randy 
asked. 

And to Randy’s amazement, Chip Mylan’s face turned 
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bright red. “What do you know about harmonics?” the 
older boy muttered. 

“Not much,” Randy admitted. “But somebody's ruining 
my mother's favorite TV program. Dad said it could be 
interference rom an amateur transmitter.” 

“So you piped up about who was behind it, eh?” 

“I'm no squealer. But I think you ought to do something 
about it, don't you?” 

“I will,” Chip said. “Right now.” He turned back to his 
radio equipment and began to tap out a short message. 
“Just let me sign off, and I'll cool the station for the night.” 

Chip turned off the transmitter. His voice was bitter and 
unhappy. “That does it. Your parents won’t have any com¬ 
plaints now.” 

“Sorry we had to break up your fun.” 

“I'll bet,” Chip said fiercely. “Well, you don’t know it, 
but you're really doing me a favor. Now that I know there's 
trouble. I'll fix it. Your l ather won't have to call the FCC.” 

“FCC?” 

“The Federal Communications Commission. The raoio 
G-men.” 

“My Dad wouldn’t get you into trouble,” Randy said. 
“Quit being such a hot-head. As a matter of fact, when 
the TV conked out, Dad used it as an excuse to tell us some¬ 
thing about radio waves. He's always doing something 
like that.” 

“Your father sounds like a swell guy. Most parents 
would've sat there and fumed.” 

“Not my Dad. He’s a science writer—does articles for 
newspapers and magazines. A real smart guy. Of course, I 
don’t know a kilocycle from a motorcycle!” 

Chip laughed. This time he didn’t sound bad at all. “Want 
to look at my stuff?” he offered. 
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wquanties for amateur radio broadcasting 
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In addition to these frequencies, there are amateur bands in the 
v.h.f. (very high frequency) region and in the microwave region. 

“Sure! I was just eyeing this receiver. Pretty slick.” 

Chip showed Randy the bandspread dial. Band was the 
name given to a section of frequencies set aside for a spe¬ 
cific type of transmission. The amateur bands were clearly 
marked on Chip’s receiver: 160 meters, 75-80 meters, 40 
meters, 20,15, and 10 meters. 160 started at 1800 kilocycles, 
just above the broadcast band. 

“Up in the higher frequencies, we start designating by 
megacycles—millions of cycles—instead of kilocycles. There 
are other ham bands in the very high frequencies that don’t 
show on this receiver. This gadget over here is a v.h.f. con¬ 
verter. I use it with the receiver to get high-frequency 
stations.” 

“What’s this for?” Randy asked, pointing to a small de¬ 
vice that sat on top of the transmitter. 

“That’s a power supply.” Chip hesitated. “Do you know 
anything about how a transmitter works?” 

“Dad explained carrier waves and modulation.” 
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How radio transmitters work 


Radiotelegraph transmitter 


low-voltage 

low-frequency 

AC 


hi-volt. 

low-freq. 

AC 


pulsa¬ 

ting 

DC 


filter 

DC 



AC 

power line 



trans- I DC 

former rectifier filter 


power supply 


radio 
(high) 
frequent 

AC 






> 
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A radiotelegraph transmitter simply produces high-frequency 
alternating current. When this current is fed into an antenna, radio 
waves of the same frequency radiate off into space. 


“Well, I was using another method of sending a message. 
Morse code on CW.” 

“What's CW?” 

Chip's reply was surprisingly patient. “Continuous wave. 
This kind of signal isn't modulated. It's keyed with a tele¬ 
graph key. With CW, you just send bursts of power—not a 
continuous carrier wave.” 

“I understand. It's just as though you were turning your 
transmitter on and off in a code pattern.” 

“Right! Now here's the way the transmitter works. Power 
comes in through the AC line into the power supply. This 
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IM amplifier 


keyed continuous 
wave 


electromagnetic 





telegraph key 


transmitting antenna 


gadget changes the alternating current into direct current. 
7 here's also a transformer in it for stepping tire voltage up 
or down, and a filter for smoothing out the pulsations in the 
current.” 

Chip said that the transmitter took low-frequency 
power from the power supply and converted it into high 
radio-frequency power. The radio-frequency power was 
fed into the antenna wire, and the antenna radiated waves 
of electromagnetic energy in all directions. 

“If waves from my transmitter strike the antenna of an¬ 
other guy’s receiver, the waves set up little electrical cur- 
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AC power line 


trans- l 

former rectifier 


low-voltage hi-volt. 

low-frequency low-freq. 

AC AC 
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DC 


filter 

ed 

DC 


rents in the wire. The receiver can letect these little cur- 
rents and amplify them—make them more powerful.” 

Randy said, “I’ve got it. And you send your message by 
turning the transmitter on and off with the key. How about 

transmitting a modulated signal?” 

“That’s radiotelephone-phone for short. Here you start 
out with low frequency sound waves. You change them 
into electrical current waves with a microphone. Mean¬ 
while, a high frequency carrier wave is being produced by 
a gadget known as an oscillator. When you combine the 
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amplified AM wave 


electromagnetic 


waves 


radio- 
frequency 
am plifier 


transmitting antenna 



An AM transmitter uses sound waves to modulate high-frequency 
alternating current. The carrier wave from the oscillator has its 
amplitude changed in the modulator. 


lugh-frequency carrier wave with the low-frequency audio 
wave, you have an amplitude modulated signal that can be 
amplified and fed into the antenna.” 

“That doesn’t seem so hard to understand,” Randy said. 
I’ll bet ham radio is a lot of fun.” 

“It sure is. Listen to some of these characters on the 

phone band.” 

Chip turned on his receiver, Randy heard a man in Ohio 
talking to another ham in San Francisco about directional 
antennas. He heard two lady hams exchanging cake rec- 












































































































































Chip s Code-Learning Card 


Think dah’s and dit’s, never dots and dashes. Send each letter smoothly 
Don’t try for speed at first. Try translating signs you see outside into Mot 

for practice. 


Learn the code by groups 


Group 1 

E dit 

I didit 

S dididit 

H diddlydit 
5 diddlydidit 


Group 2 

T dah 
M dahdah 
O dahdahdah 
zero dahdahdahdah 


Group 3 

A didah 
W di dahdah 
J di dahdahdah 
1 didahdahdahdah 


Group 4 

N dah dit 
D dah didit 
B dah dididit 
6 dahdiddlydit 


Group 5 

U didi dah 

V didididah 
4 dididididah 


Code orphans and their memory-joggers 


F dididahdit “fascination” 

Z dahdahdidit “ come and get it!” 

P didahdahdit “pa trolman Pete” 

K dahdi dah “knuck le down ” 

X dahdididah “X marks the spot ” 

C dahdidahdit “corny cutie” 

• ■* 1 1 i -- - 

Y dahdidahdah “you’re a big deal ” 

Q dahdahdidah “ quick, Joe, the dough !” 
3 diddlydahdah “getting to know you” 

■■ ■ l L' mniMW 


R di dah dit “r epub lic” 

L didahdidit “li brar ian” 
G dahdahdit “go-go-git!’ 


7 dahdahdiddly 
9 dahdahdahdah dit 
? didi dahdah didit 
error didididididididit 
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anting the telegraph code 

Code practice set 


doorbell buzzer 2 C or D flashlight cells 


wooden base 

Adjusting your key 





telegraph key 
key binding 
posts 






contact 

spacing 

screw 

spring 

tension 

screw 

stationary 

contact 


key knob 


Adjust contact spacing screw until space between key and station- 
nry contact is the width of 3 or 4 thicknesses of typing paper. Ad- 
just spring tension screw to permit easy operation. 



1 rasp key between thumb and second finger. Index finger rests 
on knob. Elbow rests on table. Hand and wrist should be relaxed. 
Use motion of whole forearm to operate key, preventing fatigue. 



















































































































































































































ipes, and a pair of teen-age boys comparing ideas on radio 
control of model planes. 

“They talk about all sorts of things, don’t they?” Randy 
asked in surprise. “Not just about radio building.” 

“Hams have all sorts of reasons for entering the field,” 
Chip said. “Some oi 'em are like me. They go for electronic 
gadgets. Others go in for the social aspects. Some hams 
collect long-distance stations like a biologist collects rare 
bugs.” 

“I’ll bet it’s a good way to break into the electronics field, 
too,” Randy added. 

“I look at it this way,” Chip said. “If you like electronics, 
you want to build something. There are other angles to the 
field besides communications, but if you build your own 
transmitter and get an amateur license, you get to talk 
things over with other guys in the field. If you get stuck 
while you’re building something tricky, you can moan 
about it to some other ham. He might be able to help you 
out—even if he does live in Fairbanks, Alaska.” 

“You planning to be an electronics engineer?” Randy 
asked. 

“You bet I am. In my book, nothing beats electronics as 
a career. And nothing beats ham radio for an easy way into 
electronics.” 

“It really sounds like fun. I wonder if I could ever be a 
ham?” 

“They don’t just hand your license to you with a pat on 
the head,” Chip said curtly. “You’ve got to pass an exam, 
and show you can transmit and receive 5 words of Morse 
code a minute before you get a Novice Class license.” 

Randy’s face fell. “Gee, that sounds pretty tough.” 

“The Morse?” Chip queried. “Heck, that’s easy. Any 
dope can learn Morse enough for that in a week. Even you.” 
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Kandy decided to take this unflattering assurance for 
\\ hat ever it was worth. “Teach me,” he said promptly. 

< Tip’s eyes narrowed. “I’ve got other things to do. But 
thru he softened a little. “Tell you what. Ill lend you my 
i'i u tice buzzer and code-learning card. Then you can 
. nine around when you think you’ve hit 5 words a minute, 
.mil I’ll test you.” 

“Thanks a lot. Chip. You know, you’re not such a bad 
guy at all.” 

“Get lost,” muttered Chip Mylan. His face had turned 
bright red again—clear to the tips of his ears. 
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CHAPTER 



Randy builds a 

crystal set 


A week went by, and November started right off on the 
wrong foot. Rain, rain, and more rain. It pelted noisily on 
the roof of the attic where Randy sat soldering. 

Mrs. Morrow had allowed Randy to convert part of the 

unused attic into an electronic workshop. “And practice 

your Morse code up there, too,” she had ordered. “I’m get- 

ting so that I hear diddly dahdits even when you're not 
practicing.” 

The attic of the Morrows’old home had been insulated, 
but no one had ever bothered to put in partitions and wall- 
board. One end was still spider-webbed and filled with 
dusty old furniture and boxes. But the other end was trans¬ 
formed into a fascinating workshop of sorts. 
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Handy had cut up large corrugated cardboard cartons 
"id nailed the panels over the bare wall studs. Then he’d 
■ >\ cied the junctions between the panels with paper tape, 
and painted them different colors with odds and ends of 
11 lint that he’d found in the basement. 

11 is home-made workbench was made out of scrap lum¬ 
ber and apple crates. It wasn’t until the workroom was 
nearly nished that Randy had realized that the attic boast¬ 
ed only one electrical outlet—and that was located in the 
« rung part of the room. But his father had come to the 

i < scue and installed a new outlet. 

I his workroom is going to do me just as much good as 

ii does you,” Mr. Morrow had said. “One more day of 
Morse, and I wouldn’t be able to write a grocery list—much 
less a science article.” 

And so Randy had obtained his workroom, where he 
could work without disturbing anybody. Unfortunately, he 
wasn’t safe from being disturbed himself. 

So here you are,” a voice said. Sam’s head poked up 

through the opening in the floor where steep steps led 
downward. 

“Buzz off, junior menace,” Randy said abstractedly. He 
was in the midst of soldering a tricky connection. There 
was a sudden sputtering noise. “Ouch!” 

“What’s wrong?” Sam wanted to know. 

“Burned myself on this soldering iron. I still haven’t 
quite got the hang of it.” 

“Building something?” Sam asked. He moved up non¬ 
chalantly into the workroom. 

“A radio receiver—maybe.” 

«T i? » 

Lets see. 

Randy showed Sam the object on the workbench. “It’s a 
modern version of the crystal set,” Randy explained. “Dad 
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Tools for electronics work 



soldering gun 





rosin-core 

solder 


hook-up wire 



diagonal 

wire-cutters 


soldering 


iron 



regular pliers 



long-nosed pH 



pocket knife 


These tools are the bare necessities for electronics work 


gave me a design he found in a Popular Mechanics do-it- 
yourself book. !’m supposed to build it, then he’s going to 
explain how it works.” 

“It doesn’t look very tricky,” Sam commented. ‘ Is that 
all there is to it?” 

The crystal set consisted of a handful of components 
mounted on a i ive-by-nine-inch wooden base. Randy was 
hooking the parts up with wire. 


36 



•oping saw wire stripper and cutter chassis punches 


These tools will come in handy if you build your own 
chassis and panels, or if you go in for extensive elec¬ 
tronics work. 


“Just this little thing, plus a pair of headphones and an 
antenna and ground wire. You don’t have to plug this set 
into an electrical outlet or even use batteries. It picks up 
radio waves all by itself.” 

“Gee! A radio that works without electricity! Must be 
the latest kind, huh?” 

Randy grinned. “I’ve got news for you. Grandpa prob¬ 
ably built a crystal set when he was a kid!” 
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Randy went back to work. Before beginning the set, he 

had assembled the tools he would need for electronics 
work: 

Electric soldering iron 
Rosin-core solder 
Wire cutters 
Long-nosed pliers 
Regular pliers 
Screwdrivers, assorted sizes 
Hand drill, with bits 

His father had given him a few instructions on the use 
of a soldering iron. Solder, he knew, was a type of metal 
that melted easily and was used for making electrical con¬ 
nections. It was formed like hollow wire, with a core filled 
with a pasty material—the rosin flux—that would make the 
solder stick to the metal of the connection. Rosin-flux solder 
was the only kind that could be used in radio work. 

After a lot of experimenting, Randy found that the best 
way to solder was to hold the soldering iron against the 
connection until it had been heated. Then a piece of solder 
was held to the junction. The solder melted rapidy and 
filled in the crevices. Solder and iron were quickly removed 
when enough metal had been deposited. 

Randy was careful not to move the new joint until tlie 
metal had hardened. On his first few connections, Randy 
had failed to heat the connection enough before applying 
the solder. The resulting “cold solder” joints had a dull 
grayish appearance instead of the proper shiny look. These 
cold joints were unsatisfactory and had to be reheated. 

Another tip his father had given him concerned fasten¬ 
ing wires well before applying solder. A good technician 
did not depend on the solder to hold the wires together. 
He always made a good mechanical joint as well. 
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llow to wire and solder 



1 Measure amount of 
wire needed and cut 
only the length 
necessary. Make all 
wire leads as short 
as possible. 



4 Heat the connection 
thoroughly with 
soldering iron. See 
figure 9 for diode 
soldering. 



7 After soldering, 
wipe tip of iron with 
cloth to remove dirt 
and oxide. Avoid 
burns by keeping 
iron in safe place 
while working. 



2 Scrape about % 
inch of insulation off 
both ends of wire. 
Use pocket knife or 
stripper. Don't nick 
wire. 



5 Holding the iron to 
the connection, ap¬ 
ply solder. Use 
enough to assure a 
good electrical con¬ 
tact. 



8 Tip of iron must be 
retinned occasional¬ 
ly to do good job. 
Heat iron, apply dab 
of solder, spread, 
wipe off excess. 



<S^WRONG = 



3 Make connection, 
fastening wires se¬ 
curely, Don’t depend 
on solder to hold 
wires together. 



6 Remove solder and 
iron. Let joint cool. 
Connection should 
look silvery — not 
dull and crystalline. 



9To solder diodes 
and transistors, 
grasp lead with 
pliers as shown 
while soldering. This 
prevents heat dam¬ 
age to component. 























































How Randy made his crystal set 












to antenna 






antenna coil 


solder 


angle bracket 


germanium diode 




variable capacitor 






solder 
lugs 


to ground solder lu 9 


knob 


.001 mfd 

mica capacitor 


First, screw down Fahnestock clips, coil, and variable capacitor. 
Be sure solder lugs are fastened under proper screws. So'der coi^ 
connections. Solder mica capacitor and wire between variable 
capacitor and clip. Last, solder diode. Attach phones, antenna 
and ground wires. 


bare copper antenna stretched tight 


glass 

insulator 




40 ft. or more 


^ ' \ N ^ ' . % 

l 1 1 ^ l * - 1 -V-^^ 

^ , t V . V—^—'- 



porcelain 
nail knobs 


lightning insulated 
arrestor | ea d-in wire 


ground wire 
(attached to radiator, cold 
water pipe, or metal pipe 
sunk in damp earth.) 


Parts List 

5”x9" wooden base, unpainted 

Crystal diode, Sylvania type IN34A 

Variable capacitor with bar knob 
(maximum capacity 365-500 mmfd. 

Angle brackets (4) for mounting cap¬ 
acitor, with screws 

Fixed capacitor, mica, .001 mfd. 

Fahnestock clips (4), type 2, screws 

Solder lugs (6) 

Antenna coil, Meissner 14-1 010, wi 
mounting bracket 

Hook-up wire 

Headphones, magnetic, 2000 ohm 


A good antenna is essential for a crystal set. Antenna kits are 
available for under $2.00, or you can make your own. You will 
need two 3-inch glass insulators, at least two porcelain naii- 
knobs, 40 or more feet of bare copper wire, and sufficient ground 
and lead-in wire to make your connections. A lightning arrestor 
device should be attached to the lead-in wire. Tune your receiver 
by turning the capacitor knob. 



These were the parts used by Randy in making his crystal 
set: 

1—5" x 9" wooden base, unpainted 
1—Crystal diode, Sylvania type 1N34A 
1—Capacitor, variable, with bar knob. 

(Maximum capacity between 365 and 500 mmfd.) 
4—Angle brackets for mounting capacitor, with screws 
1—Capacitor, fixed, mica, .001 mfd. 

4—Fahnestock clips, type 2, with screws 
6—solder lugs 

1—Antenna coil, Meissner No. 14-1010, with mounting 
bracket 
Hook-up wire 

Headset, magnetic, 2000-ohm 

The variable capacitor was f astened down approximately 
in the middle of the board, with the coil to the left and 
slightly behind it. Two of the Fahnestock clips were se¬ 
cured at each end of the board, with their solder lugs. 

Then Randy had wired the leads from the coil and sol¬ 
dered them in the manner shown in the picture. When the 
coil had been connected to the capacitor and to the lugs 
from two of the Fahnestock clips, Randy turned to the 
other end of the receiver. 

The diode and mica capacitor were to be fitted in be¬ 
tween the right side of the variable capacitor and the other 
two clips. 

First Randy soldered a hook-up wire to the right-hand 
lug of the capacitor. The other end of the wire, together 
with the capacitor lead, was soldered to the lug of the front 
Fahnestock clip. 

Then came the soldering of the germanium diode. Mr. 
Morrow had warned Randy to solder this part (luickly, since 
the crystal detector would be ruined by too much heat. 
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Here, Sam, you can help me on this.” Randy fastened 
both ends of the diode leads, then directed Sam to grasp 
the leads with the long-nosed pliers while he did the sol¬ 
dering. The pliers would help conduct heat away from the 
diode. 

Ie made a last-minute check of the wiring and nodded 
his head in satisfaction. “Finished,” he said. 

Lets see if it works!” Sam urged. 

Randy went to the attic window. “The rain seems to 

have let up. Maybe we can go out in the yard and set up 
the antenna.” 

He picked up the crystal set, about 50 feet of bare copper 

wire, a few feet of insulated wire, a large metal spike, and 
two glass insulators. 

“You carry the wire cutters,” he directed Sam. “And go 
get a hammer and some nails.” 

The boys went out to the yard, where a half-log seat in 
fiont of the barbecue grill served as a base of operations. 

Using his pocket knife in a whittling motion, Randy 
bared the two ends of the insulated ground wire. One end 
was fastened to the ground clip of the crystal set. The other 
was wrapped securely around the metal spike, and the 
spike driven into the damp earth. 

“Now weve got to get the antenna up in the air some¬ 
how, Randy said. One end can go on the garage, but 
what are we going to do about the other one?” 

“How about fastening it to the birdhouse?” Sam sug¬ 
gested. “I could shinny up the pole and fix it.” 

Sounds good. First let me fix up the antenna.” 

Randy cut off about two feet of the bare wire. He twisted 
a small loop in one end, which would be nailed to the pole. 
The other end was fastened to one side of the glass in¬ 
sulator. On the other side of the insulator, Randy fastened 
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our end of the long antenna wire. 

While Sam skinned up the pole and hammered that end 
«>l the antenna in place, Randy began to back toward the 
rarage, unrolling the coil of bare wire as he went;. He tas- 
Irned insulator and support wire to the other end of the 
anienna, and went into the garage to get a ladder. 

I just had a thought,” Sam said, poking his head in the 
door. 

"What?” Randy dragged out the ladder and climbed it. 

“How re you going to connect the antenna to the crystal 

set?” 

"()h-oh. I goofed. We’ll need a lead-in wire, of course. 
Sam, suppose you go get about 10 feet of insulated wire.” 

Sam went off, grumbling slightly, and Randy started 
hauling the antenna wire taut. 

“Isn’t it a little late for kite flying, Morrow?” somebody 
laughed. 

Randy looked down into the adjoining yard. Chip Mylan 
stood there, grinning. 

“Guess again, laughing boy,” Randy said. “This is an 
antenna. I just made a crystal set. You can come over and 
look if you want to.” 

'hip shrugged, but came through the bushes. Randy 
nailed up the tightened antenna and came down the ladder. 

Chip was looking over the crystal set. “Not bad,” he com¬ 
mented. “Of course, tins diode connection has enough sol¬ 
der on it for six joints.” 

“I wanted to make the connection in a hurry and the sol¬ 
der slipped.” 

Sam came running up with the wire. “Where does it go?” 
he asked. 

Chip said, “You’ll have to fasten it to one end of the 
antenna, just the other side of the insulator. It really ought 
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to be soldered, but I guess it’ll work temporarily if you just 
wind it on tightly.” 

“Up the birdhouse pole again,” Sam groaned. 

Randy said, “I’m going to install a regular antenna on 
some higher posts later on. But I had to put up this tem¬ 
porary thing to test the crystal set.” 

“All squared away,” Sam called, and slid down the pole. 

Randy had fastened the bared end of the lead-in wire to 
the antenna clamp of the crystal set. Now he plugged in 
the headphones, put them on, and began to turn the capaci¬ 
tor knob. A slow smile spread across his face. He took off 
the headphones and held them out wordlessly to Chip. 

Chip held one phone to his ear and listened. “Music! 
Congratulations, Marconi.” 

“I want to listen!” Sam bounced up and down until be 
got the earphones. Then he tuned the set up and down. 
“Gee! I can hear two stations at once!” 

“Crystal sets are sneaky that way,” Chip said. 

The boys heard a car pul! up in front of the Morrow 
house and turn in the drive. The family car appeared, 
driven by Mr. Morrow. 

“I gotta go home now,” Chip muttered. 

“What’s your hurry?” Randy asked, but the other boy had 
already vanished in the bushes. 

“Shy little violet, isn’t he,” Sam snickered. 

Mr. Morrow stepped out of the car and moved toward his 
two sons. He took in the antenna with a glance and the 
crystal set with another. 

“All finished with your project, eh?” 

“It works swell, Dad.” 

“I could hear two stations at once!” Sam said eagerly. 

“That’s because a crystal set has poor selectivity,” his 
father explained. 


1 i 


“Why is that?” Randy wanted to know. 

“Suppose I explain that to you in the house,” Mr. Morrow 
suggested. “I think it’s about to start raining again. You 
can leave your antenna up here for now, and tomorrow I’ll 
help you put up a permanent one.” 

“I felt a drop,” Sam said. 

Quickly, Randy disconnected the ground and antenna 
lead-in wires from the set. Then they all ran for the house. 
They made it just as the downpour started again. 
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Sam, Randy and Mr. Morrow had retreated to the attic 
workroom. The boys father sat at the bench, while Sam and 

Randy hung over his shoulder. 

“First, let’s take the radio waves given off by the trans¬ 
mitter at the station. If it’s AM radio, the wave’s frequency 
will stay the same, but the amplitude will be modulated.” 

Mr. Morrow explained that when a radio wave struck 
an antenna, it generated a tiny alternating current in the 

antenna wire. The current had the S3u 
modulation as the radio wave sent out by the station, ex¬ 
cept that the current in the antenna was much weaker. 

“In order for us to use the current waves, we have to 
change them from alternating current to direct current. 




Detecting a radio signal 


detector 



alternating current 
from antenna 


pulsating direct 
current from detector 




AC from the antenna must be changed to DC to operate head¬ 
phones. This is done by a device called a detector. The detector 
may be a crystal, vacuum tube, or germanium diode. Occasionally 
other materials will detect radio signals—even tooth fillings! 


This is called detecting the signal. Detection is actually the 
process by which the signal is separated :rom the carrier 
wave. To do that, you have to change the incoming current 
Irom AC to DC, You remember that the transmitter modu¬ 
lated the carrier wave with the audio frequency signal from 
the microphone. Well, the detector is simply going to re¬ 
move that audio frequency signa) and use it to operate the 
headphones.” 

“I see,” Randy said. “Which part of the crystal set does 
the detecting?” 

Mr. Morrow pointed to the germanium diode. “Here’s 
the critter. It acts like a one-way valve for electrical cur¬ 
rents, When the current flows in one direction, it can pass 
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Receiving a radio signal 



transmitting 

antenna 



Electromagnetic radio waves striking an antenna wire generate tiny 
alternating currents in it. The AC signal has the same frequency and 
modulation pattern as the transmitted signal, but it is much weaker. 
If another nearby station is also broadcasting, the antenna would 
pick up both signals at once. 


through the valve. When it alternates and flows in the op¬ 
posite direction, it can't get through. Result: detection.” 

Randy frowned. “But if only half the signal gets through 
doesn't that make the signal sound funny?” 

“I understand your objection,” Mr. Morrow said. “And 
the DC that comes through the diode is pulsating. But the 
pulsations are so fast that your ear can't detect them. Re¬ 
member, this is a very high frequency AC that the antenna 
contains.” 


48 



I detectors — old and new 

Galena crystal 


Germanium diode 


catwhisker_ 

Quiena crystal 



sealed case 


glass dust case 


AC 



catwhisker 


germanium crystal 



A detector used in the early 
days of radio. It consists of a 
chunk of galena mineral and 
a spring of fine copper wire, 
the catwhisker. The pointed tip 
of the whisker touches a sensi¬ 
tive part of the crystal where 
detection takes place. The 
experimentor had to test many 
spots on the crystal before a 
good one was found. 


The modern germanium diode 
detector works like the galena 
crystal. It is a sealed unit con¬ 
taining a crystal of germanium 
metal. The catwhisker is fixed 
at a point where detection 
occurs. 


“What does this diode look like inside?” Sam asked. 

His father said, “One o? these wires that lead into the 
diode is fastened to a very thin wire called a catwhisker. 
The point of the catwhisker rests on a tiny crystal of ger¬ 
manium metal.” 

Mr. Morrow explained that germanium was a chemical 


49 









































































































































































element, and that the crystal contained tiny amounts of 
other elements as well. 

“It’s these impurities that give the crystal its ability to 
detect alternating currents. Other kinds of material will act 
as detectors, too. In the old days of radio, experimenters 
used crystals made out of a mineral called galena. They 
had to fool around with the catwhisker until they found a 
spot on the crystal that would detect signals. This sealed 

diode has its catwhisker fixed on a good spot.” 

Randy had another question. “Dad, why cant we just 
feed the DC from the diode right into the headphones, 
then? Why do we need these other components?” 

“Well think back a minute to our talk about how radio 
waves carry a message. You remember that we had to mix 
audio frequency waves from the microphone with radio¬ 
frequency carrier waves,” 

“Oh! You mean, now we have to take the carrier wave 
out, so the audio frequency wave can operate the head¬ 
phones!” 

“Right. And this mica fixed capacitor connected between 
the phone clips is the gadget that does the trick. It lets 
audio-frequency current through, and sidetracks the radio- 

r * yy 

frequency carrier wave. 

“Pretty neat,” Sam observed. 

“How about the variable capacitor and the coil?” asked 
Randy. 

“They’re for tuning. Every station in this area is sending 
out radio waves, and all those waves are striking our an¬ 
tenna and generating AC currents. If we didn t have some 
way to sort out the signals, we’d hear all of the stations at 

once in the headphones.” 

“I did hear more than one station when I tuned in one 
place,” Sam said again. 
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“That’s because the stations were broadcasting on fre¬ 
quencies which were very close together This little crystal 
set wasn’t selective enough to separate them. But it can 
separate most stations.” 

Randy said, “So what we call tuning is really separating 

signals with different frequencies,” 

“That’s right,” his father said. “There are several ways 
of doing this. Your crystal set uses a coil and a variable 
capacitor.” 

Mr. Morrow explained that the coil and the capacitor 
worked together. They were connected to the antenna to 
form a tuned circuit. The tuned circuit was able to admit 
energy of a certain frequency to the receiver, and reject 

other signals. 

“You might think of the energy with different frequen¬ 
cies as a crowd of little men, each with a different-sized 
key,” Mr. Morrow said. “Only one key will open the lock— 
that’s our tuned circuit—and let energy enter the receiver to 
be detected.” 

“Let me get this straight,” Randy said. “We can select 
different stations when we turn the knob on this condenser. 
Is that because were changing the tuned circuit—changing 
the lock on the door so that another key fits?” 

His father nodded. “The maximum amount of energy is 
admitted when the frequency of the incoming signal is the 
same as what’s known as the resonant frequency of the 
tuned circuit.” 

Sam’s face had acquired a very confused expression. 
“But, Dad! How do the coil and capacitor work?” 

“Take the coil first. It has a property called inductance . 
As energy from an alternating current passes through a coil, 
it meets a certain amount of opposition. High-frequency 
currents meet more opposition than low-frequency cur- 
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Inductance and capacitance 



high-frequency AC 


medium-frequency AC 


low-frequency AC 



Inductance is a property of coils. As AC energy passes through a 
coil, high-frequency energy meets more opposition than low- 
frequency energy. The inductance of a coil is measured in henries. 


rents. And opposition is what turns the trick here.” 

Tm with you this far,” Sam said. 

“Now take the capacitor. It has a property that’s almost 
directly opposite to inductance. This is capacitance . As 
energy from an alternating current passes through the ca¬ 
pacitor, it also meets opposition. But this time, high-fre¬ 
quency currents meet less opposition than low-frequency 
currents.” 

Mr. Morrow told them that varying the inductance and 
capacitance made it possible to change the resonant fre¬ 
quency of a circuit. 

“Suppose we compare the tuned circuit to a pair of scis¬ 
sors,” he suggested. “One blade is movable—that’s capaci¬ 



Capacitor 


high-frequency AC 


medium-frequency AC 


low-frequency AC 



Capacitor 


Capacitance is a property of capacitors. Low-frequency AC energy 

meets more opposition than high-frequency AC. Capacitance is 
measured in farads . 


tance, since we have a variable capacitor. The blade repre¬ 
senting inductance is fixed.” 

Mr. Morrow told them to think of the different radio 
frequencies as a series of invisible strings stretched be¬ 
tween t he blades. The point of the V where the blades met 
was the resonant frequency of the tuned circuit. 

Now if we slowly push in the handle of the capacitance 
blade, the V opening will intersect with the lowest string, 
then the next highest, and so on.” 

“Snapo!” exclaimed Sam. “When you cut the string, 
you’ve tuned in!” 

Randy asked. Dad, could you tune a circuit by varying 
the inductance and keeping the capacitance the same?” 
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How inductance and capacitance tune a circuit 




1 Fixed capacitance 


2 Fixed inductance and 3 Variable inductan 


and variable inductance* variable capacitance. and variable capacit 

Think of inductance and capacitance as two blades of a scissors. 
Then imagine that many radio frequencies are a number of in¬ 
visible strings stretched between the blades. As the blades slowly 
close, cutting the strings one by one, the circuit becomes tuned to 
a higher and higher frequency. Illustrated above are three different 
ways to tune a circuit. Strings can be cut when either blade moves 
by itself, or when both blades move together. 



Certainly. And in some circuits, both the inductance 
and the capacitance can be varied. Both blades of the scis¬ 
sors can move.” 

“II 1 bet capacitance has something to do with the opera¬ 
tion of this fixed capacitor, too,” Randy said. 

“You’re right,” his father agreed. “This capacitor has a 
value of .001 microfarad. It has a high capacitance as re¬ 
lates to the audio frequency-forces it to pass through the 
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headphones. But the high-frequency carrier current can 
flow right through the capacitor.” 

“Radio sure is interesting,” Randy said. “How about tell¬ 
ing us how television works?” 

Mr. Morrow laughed. “It’s nearly supper time now. 
Maybe ill feel more inspired after I get next to a little 
food.” But then Mr. Morrow’s brow wrinkled in thought. 
You know, I just had a better idea.” 

“What, Dad?” 

Howd you like to get your information straight from 
the horse’s mouth?” 

Horses don t know anything about TV,” Sam scoffed. 

I mean, straight from a television engineer. My old pal 

Dave Sheffield works for a big station in the city. Ill bet I 

could get him to show us around the place. He owes me 
a favor.” 

“Wow! A visit to a TV station!” Sam went into his Indian 
war-dance routine. 

“You’ll stomp down the plaster on Mom,” Randy warned, 
and then she won t le either one of us go. 

“Well try to make it this Saturday,” said Mr. Morrow. 
“Be prepared!” 

Boy Scout Randy and Cub Scout Sam snapped to atten¬ 
tion. “Yes, sir!” they chorused. 
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CHAPTER 



Inside 

TV 


-t 


When Randy, Sam, and Mr. Morrow entered Studio Seven, 
the place was a mess. 

Cameras, mike booms, and other pieces of equipment 
stood here and there. The floor was a tangle of cables. 
Powerful lights hung low from the ceiling. Furniture, the 
walls of sets, baskets of props, and odds and ends added to 

the clutter. People were everywhere. 

A voice over the public address system said: Benny, 

let’s tighten up that two-shot a little. Camera three, ready 

on the close-up of the monster claw. 

After he’d got over his first confusion, Randy began to 

see that the television studio was not a haphazard jumble 
after all. This was a rehearsal for a dramatic show, and the 



Studio Seven was a mess . . . 


cameras were grouped around a set that represented a 

fisherman s shanty. Two elderly actors in yellow sou wester 

hats and street c othes were the center of attention. 

“Let’s have that business with the claw again, Ed,” came 

the voice from the speaker again. The actors went into 
action. 
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“Who’s that talking?” Randy whispered. 

“The director,” Mr. Morrow answered. “See him up there 
in the control room? He’s supervising the rehearsal. He has 
to get the camera angles right so the mood of the program 
will be passed on to the folks watching at home.” 

Heady on one,” said the director. One of the cameras 
rolled aside for a different shot. 

Randy and Sam were fascinated. No one tripped over a 
cable, no one got in the way. It seemed as though the tech¬ 
nicians anticipated the director’s commands and reached 
their positions well in advance of his directions. 

“That was great, gang,” the director said at last. “Let’s 
all take ten.” 

The actors and technicians began to wander off. In a 
few minutes the big studio was nearly empty. 

“Coffee break,” Mr. Morrow explained. “This is a good 
chance for us to look over the equipment without getting 
in anybody’s way.” 

“When’re we going to meet your friend Mr. Sheffield?” 
Sam asked. 

“He’ll see us up in the master control room,” Mr. Morrow 
said. “You guys will have to be satisfied with me as a guide 
on this leg of the tour.” 

They moved in on one of the cameras. It had a boxlike 
shape, and was mounted on a wheeled truck. Mr. Morrow 
explained that the cameraman could swivel it in any direc¬ 
tion, and also move it up and down. 

“Some cameras are mounted on dollies,” Mr. Morrow 
said. “That’s a bigger truck with a cranelike extension on 
it. With one of those, you can swing a camera up over the 
heads of the actors and look down on them. The camera¬ 
man rides up with the camera.” 

“Boy! That sounds like fun!” Sam said. 
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The televk Hon camera 

.. view screen 



This is typical television camera. The lens turret can be revolved to 
give the cameraman a selection of several different focuses. The 
swivel arm is used for turning the camera. 


How does the camera work, Dad?” asked Randy. 

Well, on the front is a lens turret. This camera has three 

different lenses. They have different focuses. Now suppose 

this camera was focused on that oar standing against the 

wall. The oar is reflecting light, just as all objects do. Some 

parts of the oar reflect more light than other parts. They 
look brighter.” 

Mr. Morrow told them'that the light reflected by the 


























































































































How a 



camera works 
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target 
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image orthicon tube 
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Light rays from the image are collected 



the lens and focussed 


on the screen. The photosensitive material on the screen reacts to 
the light by emitting electrons. The electrons strike the target, form¬ 
ing a positive electrical image. The brighter the image on the screen, 
the more positive the image on the target. An electron gun at the 
rear of the image orthicon tube shoots a beam of electrons at the 
target image. The beam is modulated when it strikes the positive 
image on the target. The beam sweeps back and forth across the 
image, scanning the entire picture 30 times a second. 




oar entered the lens oi the camera and was focused on the 
screen of a special electronic tube, the image orthicon. 

“This tube is the heart of the TV camera, ft’s the gadget 
t hat will change the light image of that oar into elect rical 
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impulses, which, in turn, can be seen on a screen.” 

The screen of the image orthicon tube was coated with a 
substance that had photoelectric properties. Like the chem¬ 
ical in an “electric eye” cell, this material had the property 
of giving off bursts of electrons—tiny negative charges of 
electricity—whenever light rays struck it. 

“The electrons given off by the screen travel back in the 
tube until they strike a second screen, called a target” Mr. 
Morrow said. 

Randy asked, “But how does the picture get changed 
into electricity?” 

“That’s easy. You know that some parts of the oar are 
reflecting more light than other parts. Well, when a strong 
beam of light strikes the surface of the screen, a lot of elec¬ 
trons are given off. Weaker beams of light cause less elec¬ 
trons to be knocked off the screen. That dark stripe on the 
oar reflects almost no light, so it wouldn’t cause any elec¬ 
trons to be released,” 

“I’m beginning to understand,” Randy said. “What really 
happens, is tha the light image from the lens is changed 
into an image of electrons by the screen. I suppose that ii 
you could see electricity, you’d see a picture of the oar on 
the target,” 

“Now you’ve hit it.” Mr. Morrow went on to explain that 
the electrical image on the target had a positive charge— 
with a stronger charge on those places where more elec¬ 
trons had struck. 

“The problem now is to collect the electrical image, use 
it to modulate a carrier wave, and send it out into space.” 

“Can’t you just feed the electrical picture into the trans¬ 
mitter?” Sam asked. 

“No. First the image has to be broken down into small 
portions. 1 )id you. fellows ever examine a TV picture 
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The scanning beam of a TV camera 


target 


\ 










x 








incoming 

modulated 

beam 



outgoing 

beam 


electron 



amplified 
signal going 
to transmitter 


The scanning beam divides the image into 525 lines, sweeping 
across the target from left to righ>. The beam “reads” the lines of 
the image, just as a man with a flashlight might read a large sign 
at night. 
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at very close range? I told you about this once before.” 

“Sure,” said Randy. His face brightened. “Oh—I see what 
you mean! A TV picture is made up of lots of lines. Does 
the image orthicon break up the electrical image into 
lines ?” 

Mr. Morrow nodded. He said that this was done by means 




62 

















Close-up of a TV picture. The image is formed of lines that are 
brighter in some places than in others. Some picture tubes break 
up the line into tiny dots and project these on a special luminous 
screen to produce a lineless image. 


of a scanning beam. At the 1 >ack o the tube was a gun that 
shot out a constant stream of electrons. The stream didn’t 
stay in one place all the time. It was moved by an electro¬ 
magnet. 

The beam was whisked across the target from left to 
right. Then it returned to a point just below the place where 
it started, and whisked across again. 

Mr. Morrow said, ‘Imagine that the target area is di¬ 
vided up into 525 lines—like a page from a book with that 
many lines of type on it. Start reading every odd line down 
to the bottom of the page, then return to the top and read 
every even line. Keep scanning the page, first reading the 
odd lines, then the even ones, and you’ll understand how 
the scanning beam covers the target.” 
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Wow, Sam said* “That scanning beam must have to 
move pretty fast!” 

“It scans about 15,000 lines every second,” replied his 
father. “That means the whole image is scanned about 30 
times a second. And just as our eyes see a motion picture 
as a continuous action instead of as a series of film frames, 
so do the TV images merge into a moving picture that can 
be seen in the picture tube of a receiver.” 

“But I still don't see where the picture comes from,” Sam 
protested. 

“If you look closely at the lines on the screen of a re¬ 
ceiver, you can see that they're fatter in some places than 
they are in others. The lines look almost like a string of big 
and little beads. In some places, the beads and the string 
are invisible. The pattern of the bright and dark places on 
the line is what really makes up the picture.” 

Randy said, “And I suppose what really goes out of the 
camera is a long string of big and little pulses of electricity.” 

That s right,” said Mr. Morrow. “The string of electrical 
impulses is used to modulate the carrier wave. There's a 
specia synchronizing signal, too, that locks your home 
receiver in step with the cameras here. That way, the re¬ 
ceiver picks up the same image that's transmitted.” 

“Is a TV receiver pretty much the opposite of a TV cam¬ 
era?” Randy asked. 

Basically, yes. There's an electron gun in the back of 
the picture tube that has a sweeping beam just like the 
camera's scanner. The front of the picture tube is coated 
with phosphorescent substance. The TV receiver takes in 
the high-frequency television waves and uses them to 
change the strength of the sweeping electron beam.” 

Suddenly a voice came over the loudspeaker: “Is that 
you down there, Ken?” 
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2 The set changes the AM picture 
signal into an electrical pulse 
that modulates a beam from 
the picture tube’s electron gun. 
The FM sound portion of the 
signal is fed into the loud¬ 
speaker. 

The scanning beam of the TV receiver is similar to the one in a TV 
camera. The screen of the picture tube is coated with a substance 
that glows when struck by he electron beam. The sweeping mo¬ 
tion of the beam is too rapid for our eyes to see. Instead, we see 
the complete image just as it was picked up by the camera lens 
in the TV studio. 

Mr. Morrow picked up a headset that ( lad been left hang¬ 
ing on the camera. He spoke into its microphone. “Hi, Rod, 
you old heathen. Just been giving these characters their 


1 Waves are picked up by the 
antenna and fed into the TV 
receiver. Outdoor antennas in 
high places are best. 





















































first tour of the mysterious T and V.” 

“Come up and rubber around the control room, if you 
like,” invited the director. “We’ll be running through the 
show again in a few more minutes.” 

“Nail down the equipment,” Mr. Morrow said. “Here we 
come.” 

On the way to the control room, Mr. Morrow cautioned 
the boys. “You know standard operating procedure when 
we make a visit. No touching anything, no bothering peo¬ 
ple who re busy. And don’t talk when rehearsal starts.” 

“Check,” said Randy and Sam. 

By the time they reached the control room, people had 
begun to drift back into the studio. The director waved to 
them. “Saludos, amigos,” he said. 

'He won’t have much time to visit with us,” Mr. Morrow 
said. “Just watch him work and you’ll learn a lot.” 

The boys father shook hands with the director and made 
the introductions. “What kind of a show are you doing to¬ 
day, Rod?” 

“Fantasy-suspense,” said the director. “Thing called The 

Sea Witch about some mysterious monsters that come out 
of the ocean.” 

Zowie!” said Sam. “Where’s the monster?” 

Chuckling, the director pointed to a large freezer that 
stood in one corner of the studio. 

In there. You see, at i ae climax of the show, the monster 
is supposed to melt away before our eyes. So we had a 
spooky looking critter sculptured out of ice and colored. 
He’s about two feet high. When it comes time for his big 
scene, he’ll be placed in a miniature set to make him look 

like he’s seven feet tall. Then we’ll turn the hot Klieg lights 
on him and melt him.” 

Pretty sharp,” Randy said with a grin. 
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I'hr control room 



and other assistants. The director selects the picture he wants from 
the camera monitors and puts it on the air. 


The Morrows stepped back as the director got the re¬ 
hearsal going again. He sat at a long table. In front of him 
were a number of small TV screens marked: Camera 1 , 

Camera 2 , and Camera 3 . A larger, central screen was 
marked Monitor Line. 

Mr. Morrow explained that the small screens showed tl ie 
images picked up by the various cameras. The larger screen 


67 







































































































showed the image that would be sent over the air. The 
director could choose whichever of the camera images he 
wanted. 

Engineers seated at the control board with the director 
kept the controls for picture and sound in adjustment. 

The director would call out the picture he desired. A 
technical director seated on his right would push the proper 
button to put the picture on the air. A script girl with a 
stop watch kept careful tabs on the time, since the program 
could not be too long or too short. 

The Morrows saw how tricks could be played with the 
camera images to produce special effects. In one scene, the 
actress who played the sinister sea witch was required to 
walk on water. The trick was done by focusing one camera 
on the actress, who walked forward against a dead-black 
floor and backdrop. Another camera focused on a film pro¬ 
jection of a calm sea. 

The technicians were able to place both of these pictures 
on the air at the same time through a technique known as 
superimposition. Through the line monitor, Randy saw the 
composite picture that went out over the air. It looked 
remarkably like the “witch” was walking over the waves. 

The Morrows quietly left the studio control room. Mr. 
Morrow said it was time to visit the master control room 
of the station. It was located at the top of the skyscraper 
building that housed the studios. 

“This station has its transmitter located in the same build¬ 
ing as its studios,” Mr. Morrow said. “The antenna is on top 
of the building.” 

“Why do antennas have to be so high?” Sam asked. 

“To increase the distance that the station can be re- 
ceived. 

“I don't understand,” Randy puzzled. 
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Tricks with TV 



< amera No. 1 camera No. 2 


movie 

projector 



This.plus this.gives this! 

Special effects on TV can be achieved by superimposing one image 
on another. Backgrounds can also be filmed and projected on a 
screen behind the living actors, adding more realism to the scene. 


“TV waves have a very high frequency. And these high- 
frequency signals can be received only within the circle 
formed by the edge of the horizon as seen from the top of 
the broadcasting antenna. The circle for this transmitter 
has a radius of about 100 miles. The antenna rises over 900 
feet above ground livel.” 

“You say the signal reaches only to the horizon,” Randy 
said. “I thought radio waves traveled on indefinitely.” 

Mr. Morrow explained patiently. “Every transmitter 
gives off two kinds of waves: a ground wave , that travels 













































































































































































































How TV and radio waves travel 



Transmitters give off a ground wave, that travels along the ground 
untr it loses its energy, and a sky wave, that goes into space. Sky 
waves of certain frequencies can be reflected by ionized layers of 
the atmosphere. Reflected waves can be received at a great 
distance from the transmitters. Notice how a wave can bounce 
along between two ionized layers without coming to earth. This 
is the way that radio signals can travel around the earth. 

along the curve o the earth until it’s eventually lost near 
the horizon, and a sky wave that radiates o f into the at¬ 
mosphere.” 

The ground wave travels in the ground?” Sam asked 
unbelievingly. 

“Along the ground,” Mr. Morrow corrected. “And usu¬ 
ally, when you listen to television or to ordinary long-wave 
radio, you’re hearing ground-wave communication.” 

“What about sky waves?” Randy asked. 

“Their behavior depends upon their frequency. High-fre¬ 
quency signals with wave-lengths shorter than five or six 





normal reception area fringe area of 

50-1 00 miles reception area no reception 

from transmitter requires special 


equipment 

Since TV is broadcast on a high frequency, its waves are not usually 
reflected by layers of the atmosphere. Thus, TV waves can only be 
received within the area an eye could see from the top of the 
transmitting antenna. 


meters just keep on traveling into outer space. That in¬ 
cludes TV signals. But long-wave radio signals, and short 
waves that aren’t too short can be reflected back to earth by 
special layers of the upper atmosphere.” 

“What’s so special about these layers?” Randy asked, 

“The layers are made up of charged atoms, called ions. 
They range from 20 to 160 miles high. They act just like 
a radio mirror, reflecting certain electromagnetic waves 
back to earth, hundreds of miles from the broadcast an¬ 
tenna,” 

Randy asked, “Is that what makes long-distance com- 
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Sending TV programs over long distances 



in New York 


Coaxial cable is laid underground between many cities, especially 
in the eastern U. S. and Canada. Programs are fed into the 
cable, then received and re-broadcast many miles away. 

munication possible?” 

Yes. And since the reflecting layers are higher at night 
than they are during the day, signals travel further at night. 
Simple geometry will tell you that.” 

Randy nodded. But I still don’t see how a radio wave 
could be reflected clear around the earth. I’m no mathe¬ 
matical genius, but if the ionized layer is only a hundred 
or so miles high-how can a signal be reflected more than 
a few hundred miles?” 

Get the picture a little more clearly, son. There isn’t just 
one layer—there are three. The lowest is the D layer, 20 to 
30 miles high. It reflects longer waves. The E layer is about 
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ft 


program originates 
in Los Angeles 






program received 
and retransmitted 
in Chicago 


Microwave transmits the program over mountains and plains with 
equal ease. It is especially useful in rugged country where cable 
would be difficult to maintain. Home TV receivers cannot receive 
a microwave transmission. The program must be re-transmitted by 
the local television station. 


50 to 75 miles high. It bounces back the shorter long-wave 
signals and longer short waves. The F layer is 130 to I 
miles high. It reflects short wave down to 10 meters or so 
with fair regularity—and occasionally reflects shorter 
waves.” 

Mr. Morrow went on to say that long distance communi¬ 
cation via radio was possible when a wave was bounced 
back and forth between the E and D layers until it Anally 
came back to earth again—perhaps half-way around the 
world from where it started. 

These layers,” Randy said. “Are they patchy like clouds, 
or are they continuous?” 
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More or less patchy,” Mr. Morrow said. “And they vary 
in thickness at different times of the year, as wel! as during 
<e lay and night. In years when large numbers of spots 
appear on the sun, the layers seem to be particularly well 

* * I » ^ 

ionized. 

Randy said thoughfully, “I seem to remember reading 
about a man in New York receiving a TV program broad¬ 
cast from London. And they did blame it on sunspots!” 

Now you know why, said Mr. Morrow. “There was 
piobably some freakish distu bance in the ionized layers 
that made the reception possible.” 

The Morrows stepped out of the elevator at the top of 
the skyscraper and entered the master control room. Mr. 
Morrow greeted his friend cordially. 

“Dave! How’s it going? Meet Randy and Sam, my pip¬ 
squeak harmonics. Boys, this is Mr. Sheffield.” 

The boys shook hands. Mr. Sheffield, a short man with 

extraordinarily bushy eyebrows, began to show them 
around. 

He explained that the video portion of the program was 

broadcast by AM, while the audio was broadcast by FM. 

The carrier wave was generated by gigantic water-cooled 

powei tubes neaily as big as a man. The modulated carrier 

was fed into the large antenna on top of the building, which 

bore 48 TV signal radiators, called “butterflies” because of 
their shape. 

Can I ask you a question, Mr. Sheffield?” murmured 
Sam. 

Certainly. I might even answer it. Mr. Sheffield winked 
and wiggled his eyebrows. 

But Sam wasn’t that easily distracted. “Dad just got fin¬ 
ished telling us that TV waves only travel as far as the 
horizon. Well, then, how come we can hear programs like 
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Disneyland that come from places thousands of miles 

I , - 

“Ever hear of the coaxial cable?” Mr, Sheffield asked. 

“It’s a special kind of telephone cable that can carry sig¬ 
nals for long distances. The cable is laid underground be¬ 
tween most of the large cities in the country.” 

“I get it,” Randy said. “A network could just feed the 
program into the cable and send its broadcast to a lot of 
different stations.” 

The engineer went on, “And when the program arrives, it 
can be fed into the local transmitter and sent to the viewers 
in that city. There’s another way of sending TV over long 
distances, too. By microwave radio.” 

“We know about microwave!” Sam cried. 

“Good for you!” Mr. Sheffield exclaimed. The TV signal 
is changed into a microwave signal by a special device. 
Then it’s beamed from one relay tower :o anothe < w means 
of directional antennas. The relay tower receives the signal, 
amplifies it, then retransmits it. Microwave is a lot more 
practical than cable in many situations—particularly in diffi¬ 
cult country.” 

They examined the control panels that showed the engi¬ 
neers what program was being broadcast at the moment. 
Monitoring screens also showed rehearsals going on in the 
different studios. Handy and Sam saw the rehearsal for The 
Sea Witch being carried on a monitor marked Studio 7. 

“This filmed special events program is going over the air 
now,” Mr. Sheffield said. “The projection room is right 
across the hall. It has special cameras that have self-con¬ 
tained film projectors. When the film is over, we’ll break the 
station, then put in two spot commercials. Then it’s time for 
a network program coming over the cable from New York.” 

Randy asked, “Do you broadcast color TV, too, Mr. 


75 

























































































































BLUE 


GREEN 


RED 


color separating mirrors image orthicon 


The color camera has three image orthicon tubes, one for each of 
the primary colors of light—red, blue, and green. Color separating 
mirrors transmit only the proper color to each tube in the camera. 
The adder combines the three color signals into one, forming a 
black-and-white signal that can be received by ordinary receivers. 


Sheffield? Color makes a whale of a difference.” 

Yes, a few programs. More and more color programs are 

being produced as color receivers become more common.” 

Is color TV very much different from black-and-white?” 
Sam wanted to know. 

A color camera has three image ort licon tubes in it—one 
each for red, blue and green, the primary colors of light. 
Mixing light is different from mixing paint. All three colors 


Color television — how it works 



receiving antennas 



transmitter 


r makes black- 
vhite picture 
mventional sets 


7 T 

b!ack-and 
white set 


transmitting 
antenna 


The color receiver has an electron gun with three beams. Each of 
the three primary color signals modulates one beam. The beams 
strike the screen of the picture tube, causing tiny phosphorescent 
dots to glow. There are over 600,000 of the dots on the screen, 
arranged in groups of three, he beam from the green-modulated 
electron gun strikes the green dot, the red the red dot, and the 
blue beam causes the blue dot to glow. 


mixed together give white.” 

The engineer said that colored light going in the lens 
of the camera was separated into its component colors by 
mirrors, then the three orthicons changed the images into 
separate color signals. 

“We transmit the three signals, plus a black-and-white 
signal so that the program can be picked up on regular 
sets. A color receiver has three electron guns, and the pic- 
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ture screen is made up of very tiny dots of colored phosphor¬ 
escent materials. The red dots respond to the electron beam 
with the red signal, the green dots to the beam with the 
green signal, and so on.” 

“That’s really something,” Randy said. “Ill bet you 
really get a charge out of working in TV, Mr. Sheffield.” 

The engineer smiled. “It’s a career where you’re never 
bored, Randy. There’s always something new coming along 
to keep you jumping.” 

“Dave!” another engineer cried. “We’ve lost the signal 
from the number-one commercial!” 

Quickly, Mr Sheffield slipped into his seat at the master 
control board. “We’il stretch the station break, then bring 
in the number-two commercial. Okay on the network?” 

“Okay,” said the other man. 

Mr. Sheffield grinned at the Morrows. “Everything’s in 
hand, men.” 

The Morrows waved good-bye and quietly left the con¬ 
trol room. 

“Let’s get home quick, Dad,” Sam said urgently. 

“Why?” 

“That sea witch program will be on in an hour. And I 
haft a see how they melt that monster!” 
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CHAPTER 



Building a 

short-wave 

receiver 


“Diddlydit dahdahdah didahdah dididit, Randy signaled 
to his father, “dah diddlydit didit dididit?” 

Mr. Morrow clicked the stem of the stop-watch. Looks 
to me like you were sending six words a minute on the last 
message, Randy. Now if you can just receive messages at six 
words a minute, you ought to have plenty of leeway to pass 

your license test, 

“Chip Mylan promised to do some practice sending for 
me,” Randy said. “But the last three times I went over to 
his shack he gave me the brush-off. He’s a funny guy to try 
to get along with, Dad.” 

“Better get over the idea that every on i 

meet will be pleasant and predictable. Chip s trouble is that 
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he s smart with electronic equipment and dumb with peo¬ 
ple. He knows how to make his wires and components sit 
up and bark, but he hasn’t figured out how people tick. He 

offends people with his snappish manner, then wonders 
why they don’t like him.” 

“He’s a real mixed-up guy,” Randy conceded. “But under¬ 
standing how he ticks isn’t going to help me learn the code. 

If I only had a short-wave receiver, I could listen to other 
hams sending code.” 

How about building your own?” Mr. Morrow asked. 
“That would be pretty hard, wouldn’t it, Dad?” 

“Not if you had the proper tools and could follow simple 
directions. Nowadays they have radios in kit form that 
furnish you with every component you need to build a 
device—down to the last bolt and grommet. The one I’m 

thinking of is a three-tube receiver that sells for about $15 
in kit form.” 

Gee, Dad, I don’t have that much—” Randy began. 

Tell you what. If you’re really interested in testing elec¬ 
tronics as a career, I’ll stake you to the kit. By the time 
you ve finished putting all the parts together, and figured 

out how they all work, you should be nearly ready for your 
amateur license exam.” 

I really want to do it, Dad. A guy .can read about elec¬ 
tronics until it comes out of his ears—but unless he really 
builds something, it doesn’t come home to him.” 

Mr. Morrow nodded, rose, and started to go down the 
attic steps. Get the tools you’ll need. I’m going down to the 
magazine office with an article today. On my way home, I’ll 
s op at the electronics store and pick up your receiver kit 

for you. It’ll be waiting for you when you get home from 
school.” 

Mr. Morrow was true to his promise. When Randy re- 
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Eagerly, Randy tore into the box . . . 

turned to his workroom that afternoon, there was a card¬ 
board carton sitting on the workbench. The label said 

THREE TUBE SHORT WAVE RECEIVER. 

Eagerly, Randy tore into the box. It contained a booklet 
of instructions, a chassis and panel already punched with 
holes for mounting the controls and components, and many 
boxes filled with electronic parts. 

“Boy, look at all this stuff,” Randy exclaimed. “Hope I 
can make sense out o it.” 

He sat down and began to read over the instructions. And 
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Electronic syml> 


and components 


Antenna 





outdoor 





" 1 1 




Battery 



m. 





ferrite 






I witch 




I 


S.P.S.T 


; - 




4> 


% 




S.P.D.T. 



low-voltage high-voliu 


Telegraph key 


Microphone 


Phones 





single-pole, 

single-throw 

Transformer 



D.P.D.T. 



single-pole 

double 


double-pole, 

double-throw 










air 

core 



tron 

core 



® multi¬ 
winding 








Lamp bulb 



Ground 

















Resistor 



Wr 

fixed 







paint scraped off chassis 







variable 
(potentiometer, 
rheostat) 




_ 


Line cord 


Coil (Inductance) 



air 

core 


iron 

core 



van 



Crystal detector 


Capacitor 



T T 

1 fixed 1 


electrolytic 




variable 
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This three-tube short-wave receiver, the 

Knight Space Spanner 

is available in kit form from Allied Radio Coi|> 
100 N. Western Ave., Chicago 80, Ml. 

Cost about $18, including cabinet and antenno 


Pnrtc I io# 

III |2k LI a r 


Capacitors 

C-1 .001 mfd., 500 v. ( mica 
C-2 400 mmfd.max.variable, 

Allied RK-174 

C-3 1 5 mmfd. max., variable. 

Allied RK-277 

C-4 .02 mfd., 600 v., ceramic disc 
C-5 1 00 mmfd., 600 v., ceramic disc 
C-6 .001 mfd., 600 v., ceramic disc 
C-7 470 mmfd., 600 v., ceramic disc 
C-8 .0015 mfd., 600 v. f ceramic disc 
C-9 0.5 mfd., 400 v., paper 
C-10 .0015 mfd., 600 v., ceramic disc 
C-11 470 mmfd., 600 v., ceramic disc 

C-1 2 30-30-20 mfd., 150-150-25 v„ 

electrolytic 

C-13 .0 mfd., 600 v., ceramic disc 
C-14 .01 mfd., 600 v,, ceramic disc 

C-1 5 5-80 mmfd., antenna trimmer, 

Allied RK-276 

C-16 .02 mfd., 600 v., ceramic disc 
Resistors 

R-l 1 megohm, Y% w. 

R-2 220K ohms, i/ 2 w. 

R-3 470K ohms, y 2 w, 

R-4 1 00K ohms, V 2 w * 

R-5 270 ohms, y 2 w. 

R-6 1 00K ohms, T / 2 w. 

R-7 1 megohm potentiometer, AC off- 

volume control; log taper with 
S.P.S.T. switch attached, Allied 
RK-555 

R-8 1 00K ohms potentiometer, linear 

taper 

R-9 1 80 ohms, y 2 w. 

R-l 0 1000 ohms, 2 w. 

R-l 1 200 ohms, 1 0 w. 

Miscellaneous 

J-l Antenna binding post 
J-2, J-3 Dual pin jack 


L-l Short wave coil, Allied 11 1 201 
1-2 Broadcast coil, Allied 1 11 202 
L-3 RF choke, 2.5 mh. 

L-4 Filter choke, 16 hy, 50 ma. 

S-l SW-BC bandswitch, 

Allied 432101 

S-2 On-off switch (part of R-7) 

S-3 Speaker-phones switch, S.P.D.T. 

slide, Allied 431101 

T-l Output transformer, 2000 ohm 

primary, 3.2 ohm secondary 

V-l 1 2AT7 tube 

V-2 50C5 tube 

V-3 35W4 tube 
5-terminal strip 
2-terminal strip 

Solder lugs (5) 

Line cord with plug 

Spacers, threaded ceramic (2} 
for mounting C-1 5 

4-in. speaker with 3.2 ohm voice 
coil 

7-pin sockets (2) 

9-pin socket (1) 

Knobs, small (4), Allied 764501 
Knobs, large (2), Allied 764301 

Chassis, prepunched. 

Allied 461302 
Panel, prepunched, 

Allied 462202 

Speaker grill, Allied RK675 

Washer, No. 8 fiber, flat 

Washer, No. 8 fiber, shouldered 

Washer, % in. internal tooth lock 

Rubber grommets (4) for speaker 
holes 

Rubber grommets (3) % in. 

Screws (18) 6/32x|4, with nuts 
Screws (4) 6/32xi/ 8 
Screws (4) 4/36x%, with nuts 
Nut, 8/32 in. (1) 

Nuts, 3/ 8 in. (6) 
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C ircuit diagram for Randy’s receiver 


antenna 

q J - 1 


Li-JIQ<] 


• chassis ground 




-J 



R - A 


02 
C-16 


filter 

choke 


R-l 1 3 

50C5< 9^2at 7 




31 


L-4 


C-12A 


C-126 



AC off 
(part of R-7' 



speaker 



You will want to look over this circuit diagram in order to under¬ 
stand how the radio works. Compare this diagram with the simpli¬ 


fied one in Chapter 7. 




then he realized that it wouldn’t be so difficult after all. 
Besides the circuit diagram, there were pictorial diagrams 
that showed the exact placement of the parts, and how they 
were to be wired. 

Randy began to compare the pictorial diagram of the 
components with the symbols used in the circuit diagram. 
Before long, he was familiar with them. 

Randy studied the instructions carefully. First he was to 
check the parts against the parts list to be sure everything 
was there. 
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af 

X© 

JoL 

i*i 





tong thin screws 
(4 used) 


rubber 
grommets 
(4 used) 
pushed into 
speaker 
mounting 
holes 


perforated grille 


speaker 


solder 

lug 


V-l 

I2AT7 


smoll nuts 
(4 used) 


V-3 

\35W4 


large 

grommet 


speaker 


phones 


antenna 


phones 


How to mount the parts on the panel. Scrape paint off inside 
panel before mounting C-2 and C-3. Handle speaker carefully 































































































































































































































































































































































Next, he was to mount all the bolted-down parts on the 
chassis and panel. Randy checked off each step in ■ be in¬ 
structions as it was completed, and consulted the diagrams 
frequently. The work was not difficult, but it took quite a 
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while. Time slipped quickly past without Randy’s noticing 
it. 

“Time for dinner again,” Mr. Morrow called. 

“Have an inspection tour, Dad,” Randy invited. Mr. Mor¬ 
row came up to look over the work. 

“Good job,” said Mr. Morrow, inspecting the chassis and 
panel. “Be especially careful when you mount this C-15 
capacitor on its little ceramic spacers. If you place the 
screws too tightly, you might crack the spacers.” 

“I’ll be careful.” 

“And on these variable capacitors, C-2 and C-3. Notice 

this ‘ground’ symbol on the circuit diagram? That means 

that these units have electrical contact with the chassis. So 

before you mount these components, scrape off the paint 

around their mounting hole on the inside of the panel. 

Don t touch the paint on the outside, though. And keep the 

capacitor plates meshed when you mount the units, so you 
won’t bend them.” 

Randy remarked, I ve been comparing the pictures with 

the symbols on the circuit diagram, but they still don’t mean 
too much to me.” 

“Need a little help?” 

“I sure could use it,” Randy admitted. “Look. Let’s get 
down to real basics. Let me hash over what I do know, then 

maybe you can give me a boost on what I don’t know.” 

“Let’s try it.” 

Randy knew that the foundation of all radio operation 
was the electron theory of matter. Every atom had, whirling 
around its nucleus, a cloud of tiny negative particles of 
electricity. These particles were known as electrons. 

The nucleus of the atom contained positive charges of 
electricity—protons. Each atom was normally in a stage of 
peifeet electiical balance—there were exactly as many nega- 
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Electrons and electricity 

N 



N 


A neutral atom, with 
the same number of 
negative charges 
(electrons) as positive 
charges (protons). 




chemical electromagnet! 
reaction radiation 


Electrons can be 
stripped from atoms 
by many means. 



tive electrons as there were positive protons. The negative 
and positive charges had an attraction for each other. 

Under certain conditions, electrons could be made to 
leave their home atoms, causing a surplus of positive 
charges by their absence. Some ways of removing electrons 

were by heating, by chemical reaction, and by the action of 
electromagnetic waves oi energy. 

When electrons left their home atoms, they could be 
made to pass from one atom to another. This process was 
called an electric current. Current flowed most easily in 
materials whose atoms possessed loosely attached electrons. 
Such materials were called electrical conductors. Metals 
like silver, copper, and aluminum were good conductors. 
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current flow 


resistance 



random electron movement 






one-way electron 






movement 


Normally, electrons move in 
many directions. When an 
electric current flows, the 
electrons are all made to 
move in the same direction. 



amps 


1 CONDUCTOR 1 



RESISTOR | 



battery 

A conductor is a material 
whose atoms hold electrons 
loosely and permit current to 
flow. A resistor holds its 
electrons more tightly and 
resists the flow of current. 


Materials whose atoms had their electrons firmly attached 
resisted the flow of electric current. They were known as 
insulators. Glass, bakelite, cork, and wood were good 
insulators. 

“And that’s about the sum of my electrical knowledge,” 
Randy admitted. 

“All right,” said his father. “You know that electricity has 
to do with electrons. Suppose we illustrate the way elec¬ 
tricity works by comparing it with water.” 

A quiet pipe, full of water, is not doing any work, Mr 
Morrow explained. There are thousands of tiny convection 
currents flowing in the pipe, but they are very small and 
moving in countless different directions. 
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Voltage and amperage 






















battery 


1 Electricity without voltage applied is like a tank of water with 

the faucet turned off. The tiny currents in the pipe travel in many 
directions at once. 



2 Electricity with voltage applied is like a water tank with the 

faucet turned on. Water pressure (voltage) forces the liquid to 

move in one direction in the pipe, and a useful electric current 
flows. 


gals. water 
per sec. pressure 



o 


amps volts 





battery 


3 As water flow is measured in gallons per second, electron flow or 
amperage is measured in amperes. Water pressure is measured 
in lbs. per sq. in. Electron pressure is measured in volts. 


Turn a faucet on, though, so the water flows out, and you 
have current that can do work. Forced on by the power of 
water pressure, the liquid moves out of the pipe in one di¬ 
rection. In a similar way, electrons can be made to move in 
a conductor by applying a force known as voltage. 

“What’s voltage, Dad?” 

“Another name or its electrical potential or electromo¬ 
tive force. I think the last term is particularly appropriate. 
Electromotive force: the force that makes the electrons 

move, \ou can generate it mechanically with a generator, 
or chemically with a battery.” 

Randy said, If we went back to the water comparison, 
voltage would be the water pressure, wouldn’t it?” 

That s right. And current flow, which is called amperage , 
would correspond to the amount of water that flowed 
through the pipe. These two factors are related to each 

other. They’re also related to a third factor, resistance .” 
“What’s that?” 

Every kind of material will tend to resist an electrical 
current flowing through it to some extent. But certain atoms 
resist the flow more than others. Carbon is a well-known 
resistor. All insulators are good resistors.” 

And you say that resistance and current flow and volt¬ 
age are all related?” 

Yes. A German named Georg Ohm discovered the rela¬ 
tionship and worked out a law relating to DC circuits. 
Ohm s law states that the current in a DC circuit is always 
equal to the voltage divided hy the resistance .” 

Mr. Morrow said that voltage was measured in volts, cur¬ 
rent flow in amperes, and resistance in ohms. 

You know a little algebra,” Mr. Morrow said, “so you 

can see that if any two of those values are known, you can 
figure out the third one.” 
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Resistors and Ohms law 





voltage 


resistance 


amperage 


Voltage, resistance, and amperage are related. 



R-3 




6v 


Resistors in series 


Each of the resistors above has a 
value of 1 ohm. Using Ohm’s law, 
it is easy to calculate the amount 
of current flowing in the circuit. 





+ - ,- R-1 R-2 R-3 


1 2v 


Resistors in parallel 


Calculating the amperage in a cir¬ 
cuit like this is slightly more compli¬ 
cated. The total resistance value is 
less than that of any single resistor. 


?- + - 4 “ + 4 


amperage 


12 


1 


amperage 


12 


amperage 


12 amps 












amperage = 

voftage | 

resistance 

amperage = 

6 volts 


1 + 1 + 1 

amperage — 

6 


3 

amperage 

2 amps 1 


amperage — 

voftage | 


1 1 


1 + 1 + ' 

R-l R-2 1 R-3 1 

amperage 

12 I 


1 | 


E 

R _ 

voltage = amperage X resistance [E = IR] 

voltage 

resistance =-—— 

amperage 

Ohm's law held good when the resistors were connected 
in series. If they were connected in parallel, the law was 
modified to include the total resistance value of the circuit, 
he total resistance was figured by this formula: 

R (total) = —- - - — 

— -\—— -|-. . . etc. 

Ri R 2 R 3 

Ri, R 2 , and R 3 were the values of the resistors (three in this 
case) that were connected in parallel. The total resistance 
in this type of circuit was always less than the value of the 
smallest single resistance. 

Randy squinted at the formulas his father had written 
down for him. “It looks tricky at first glance, but I can see 
that it's really pretty easy. Now you say this works for DC 
circuits. How about alternating current circuits?'' 

“AC circuits are also affected by inductance and capaci¬ 
tance. You'll recall we discussed those two factors when you 
built the crystal set. Capacitance is measured in farads, and 
inductance is measured in henrys.” 

Randy picked up one of the little capacitors. It looked 
like a button with two wires protruding from it. 

“How does this work, Dad?" 

Mr. Morrow explained that inside the capacitor were two 
pieces of conductive material, separated by insulation. If 



amperage 


voltage 

—— ■ ■> i 

resistance 


95 












































































































Capacitors store electricity 
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1 A capacitor consists 2 Alternating 
of two pieces of con¬ 
ductive material, sep¬ 
arated by insulation. 

In a DC circuit, current 
flows only until the 
capacitor is charged. 

Then current flow 
stops. 


appears to flow 
through a capacitor, 
since first one plate, 
then the other, 
charges. 

























ref 









current 3 Capacitors offer 


certain resistance to 
AC, depending upon 
the value of the ca¬ 
pacitor and the fre¬ 
quency of the current 




the capacitor was connected in a circuit and a voltage ap¬ 
plied from a battery, electrons from the plate connected to 

the positive pole would tend to leave the plate and flow into 
the battery. 

After moving through the battery, the electrons would 

accumulate on the opposite plate of the capacitor, giving 

it a negative charge. When the voltage across the capacitor 

reached the same value as the voltage of the battery, the 

current would stop flowing. The capacitor was then said 
to be charged. 

“Now,” Mr. Morrow said, “if the battery is disconnected 
and a 1 esistor inserted instead, current would flow from the 
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charged plate of the capacitor, through the resistor, and 
back to the opposite plate of the capacitor. When the poten¬ 
tial between the two plates is equalized, the current stops 
flowing.” 

* Does it take long to charge a capacitor?” Randy asked 

“It depends upon the value of the capacitor and on the 
voltage applied to the electrons. Most capacitors are 
charged almost instantly. This stops the current flow. The 

result of this is that a capacitor prevents current flow in a 
DC circuit.” 

low about an AC circuit?” Randy wanted to know. 

“What do you think?” his father smiled. 

Randy wrinkled his brow. “If the current flowed in one 
direction, then in another, wouldn't first one plate of the 
capacitor charge up, then the other one?” 

“Right.” 

“Then an AC current wouldn't be stopped by the capaci¬ 
tor at all!” 

His father corrected him. “It only appears as though the 
current is flowing through the capacitor. But you do get the 
same results, circuit-wise.” 

I ve got it. Now let me get capacitance straight. We said 
it was a sort of resistance to alternating current that oc¬ 
curred in a capacitor.” 

“Yes, and capacitance depends on the value of the capaci¬ 
tor in microfarads, and on the frequency of the applied 
voltage. As the frequency increases, the capacitance for a 
single capacitor decreases ” 

Mr. Morrow picked up one of the variable capacitors. 
A id i he other hand, when you vary the capacitor value, 
as you do when you mesh and unmesh these metal plates, 
you decrease the capacitance at any given frequency.” 

“A light is beginning to dawn,” Randy grinned, and the 
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grin spread into an outright smile. 

And you remember that the coil, with its property of 

in. iuctance, introduced another kind of AC resistance that 

varied with the frequency. Only this time the resistance 
increased as the frequency increased.” 

Randy nodded. “And the two together, capacitor and coil, 
make it possible to tune in signals with a certain frequency.” 

Mr. Morrow pointed to one section of the circuit diagram. 

Knowing just those principles, we can explain one part of 
this circuit.” 

He said that the antenna took up energy from radio waves 
that struck it and generated tiny alternating currents. The 
energy passed through a variable capacitor, C-15, which 
was known as an antenna trimmer. This unit could be varied 
to secure the maxi, mm response from the antenna. 

From the trimmer, the energy passed tl trough the band- 
switch, S-l. The switch made it possible to select either 
short-wave or broadcast-frequency signals, depending upon 
whether the energy was passed through coil L-1A or L-2A. 
The tuned circuit composed of the coil and variable capaci¬ 
tors C-2 and C-3 selected the desired signal and passed it 
on through C-5 to the next stage of the receiver. The un¬ 
wanted signals passed through the tuned circuit to the 
ground connection. 

“What are C-2 and C-3 used for, Dad?” 

“C-2 is the main tuning capacitor. C-3 is the bandspread 
capacitor. You do the rough’ tuning with C-2, and he ‘fine’ 
tuning with C-3. If we were interested only in broadcast 
band signals, you wouldn’t need the bandspread capacitor 
much. You might say that a long-wave station has a broad 
signal that s easy to tune in. But with short-wave stations, 
the signal occupies only a very small space on the dial. The 
andspread actually spreads the band out so that you can 
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Radio waves strike the antenna, generating small AC signals. 
Antenna trimmer C-1 5 makes it possible to extract maximum energy 
from antenna. Signals are passed to tuned circuit made up of C-2, 
C-3, and L-2A. The tuned circuit selects the signal desired, passes 
it through C-5 to the next stage of the receiver. Unwanted signals 
are lost through the chassis ground. 



pick out the station you want more easily.” 

The indignant voice of Mrs. Morrow floated up to the 
workroom. Weren’t they ever coming down to supper? 

“We’d better call a halt now,” Mr. Morrow said. “But after 
supper we ll get into the subject of vacuum tubes, want 
to show you how you can fill the tubes with electrons and 
make them do tricks!” 
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CHAPTER 



Electrons 
in bottles 


In ihe Morrow household, the hour immediately after din¬ 
ner was devoted to relaxing. But tonight, Randy felt rest¬ 
less. He d been reading the License Manual published ! > 
the American Radio Relay League, the hams fraternity, 

but now he laid the book aside and prowled out to the 
kitchen. 

Still hungry?” his mother asked. 

“No—just thinking. Mom?” 

“What is it, dear?” 

P° you think the amateur radio exam will be very hard?” 
I don t believe so. Didn’t your father say that you won’t 
even have to go to the FCC office to take it?” 

That s i ight. I send for the questions by mail, then take 



the test in front of a grown-up ham.” 

Mrs. Morrow said, “Are the Novice questions so hard?” 

Randy shook his head, “A cinch. I’ve been studying the 
sample questions in the License Manual. And I can make 
the code test, too. Im sure of it. But, gee, Mom—Ive still 
got the willies!” 

“You,” said Mrs. Morrow, “have got buck fever. If that 
boy next door could pass a license examination, you can, 
too.” 


Sam came into ttie kitchen waving a copy of QST , a ham 
radio magazine. “Look at this picture in here!” he said. 
“Randy, you’ve gotta pass that license exam to hold up the 
honor of us men!” 

Randy grabbed the magazine and stared. “Good grief! A 
girl ham! An eight-year-old girl!” 

“I’ll bet she keeps her equipment neat as a pin,” remarked 
Mrs. Morrow, “unlike some characters I could mention.” 

“A little girl,” Randy mourned. He set his teeth grimly. 
“I’ll pass that license exam or die trying.” 

Sam pulled a long, sad face. “Poor old Randy. I knew him 
well before he passed over the Great Divide—” 

“Why, you little pipsqueak!” Randy dived for his brother. 

Mrs. Morrow shooed them out of the kitchen. “Go bother 
your father,” she ordered. 

Mr. Morrow groaned from the living room. “All right, 
come on, you characters.” 

The boys trooped in and sat down on the floor in front of 


Mr. Morrow. 


“How about telling me about vacuum tubes?” Randy 


I want to sit in, too, Sam said. “No girl’s going to know 
more than me about radios.” 

“Okay,” Mr. Morrow said. “Let’s start with a light bulb. In 
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“A girl ham!” Randy said. 

a lot of ways, it's similar to a vacuum tube.” 

Mr. Morrow produced a pocket flashlight, unscrewed the 
lens and focusing mirror so that the bulb was exposed, and 
turned the light on. 

“This lamp is in a circuit with the batteries of the flash¬ 
light. The batteries are a source of electrical power. The 
current passes into the bulb and through the very slender 
filament made of tungsten metal.” 

Mr. Morrow told the boys that tungsten had a very high 
resistance. As the flow of electrons in the circuit tried to 
penetrate the filament, the tungsten atoms resisted the 
flow. However the electron pressure or voltage was so great 
that the electrons were able to force their way through, 
i he electrons crowd through, but in the process they 
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How to make electrons move in a vacuum 





simple 

vacuum tube 






1 When an electric bulb lights, elec¬ 
trons boil off the surface of the 
filament and hang around it in a 
negatively charged cloud. 


2 If a positively charged plate is 
introduced into the bulb, the elec¬ 
trons will flow to it. An electric cur¬ 
rent will flow through the vacuum. 



heat the filament to white heat. The heated filament gives 
off light. Oxygen has to be carefully removed from the 
sealed bulb. Otherwise it would combine chemically with 

the hot filament and ruin it.” 

“You mean there’s a vacuum inside the bulb?” Randy 

asked. 

“Lamps used to be made that way—and we 11 see that 
many kinds of electron tubes are still made that way. Nowa¬ 
days, light bulbs contain other gases that don’t combine 

with tungsten.” 

Randy and Sam learned that the electron tube had a fila¬ 
ment, too. It was heated by a power source, just like a light 
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bulb. As the wire glowed in a vacuum, electrons were acti - 
ally boiled off the surface. A little cloud of negative charges 
hung around the glowing filament. They would remain 
theie unless something was done to start them moving. 

To make electrons travel, something else was placed in 

the vacuum tube,” Mr. Morrow went on. “This was a plate, 

connected in a circuit so that it had a positive charge. The 

negative electrons from the filament were attracted to the 

positive plate. They flowed across the gap between the 

filament and the plate, and a current flowed through the 
tube.” 

“ what good does it do?” Sam asked. 

Mr. Morrow laughed. “Thats exactly what the man who 

discovered this effect asked. His name was Thomas Edi- 
son.” 

Edison! Randy exclaimed. 

Edison. He couldn t see any use for the electron flow, 
eithei. But finally another scientist named J. A. I leming did 
find out what tl ie vacuum tube could be used for. He used 
it to change alternating current into direct current.” 

“How is that done, Dad?” Randy asked. 

The electrons in a vacuum tube can travel in only one 
dii ection—from the negative filament or cathode to the pos¬ 
itive plate or anode. If the charges on the elements were 
reversed, no current would flow. This is because the plate 
isn t heated and hence isn’t giving off an electron cloud.” 

I understand, Randy said. “The vacuum tube is a sort of 
one-way street for electrons.” 

Mi. Morrow continued. “Fleming attached his two-ele¬ 
ment vacuum tube to a receiving antenna. You’ll remember 
that electromagnetic waves generate tiny alternating cur¬ 
rents in an antenna. When this tiny current enters a vacuum 
tube, only the voltage that makes the plate positive can get 



through. The other part of the current cycle is blocked by 
the tube.” 

“The tube acts just like the crystal in the crystal set,” 
Randy said. “And I suppose you could use the DC signal 
to operate headphones.” 

! still don’t see that it’s much better than a crystal ,” Sam 
said skeptically. 

“By itself, it wouldn’t be—not for radio work, anyway.” 
Mr. Morrow said. “But the two-element tube, which is 
called a diode, can be improved by adding a third element. 
This makes a tube called a triode, that not only rectifies 
alternating current but amplifies it—makes it stronger. Lee 
DeForest invented the I riode. His invention made modern 
electronic communication possible.” 

Mr. Morrow suggested that they adjourn to the attic 
workroom where they could actually see some vacuum 
tubes and learn how they were used in the radio circuit. 

One of the three tubes Randy’s receiver kit contained was 
marked 35W4. 

“This tube is a diode,” Mr. Morrow said. “It rectifies the 
AC current that enters the radio set from the house line, 
changing it to DC.” 

They located the tube on the circuit diagram and noted 
the symbol. “This tube has a separate heater for its cathode. 
The filament glows, heating the cathode, which in turn 
gives oft its electrons that travel to the plate.” 

“I suppose direct current comes out of this tube,” Randy 
said. His father nodded. 

“What’s the DC used for?” asked Sam. 

“It’s the power used for operating the other stages of the 
receiver. This 35W4 tube is part of the power supply. And 
this coil L-4 that’s labeled "filter choke’ serves to smooth out 
the pulsations in the DC coming out of the diode.” 


105 


























































How the diode changes AC to DC 

positive phase 



current flow 
in a diode 



I During the positive half of 
the AC cycle, the plate has a 
positive charge. It attracts 



and permits a 
rent to flow. 






flows. 



Symbol 
for diode 



“Why do you need the filter, Dad?” asked Randy. 

“To improve the quality of the signal that we’ll be de¬ 
tecting. Pulsating 1 > 1 ] introduces a strong hum into signals. 

If we smooth out the pulsations, the hum will be e liminated 
to a great extent.” 

I see. What s this other component in the power sup¬ 
ply?” Randy held up the large capacitor, C-12. 

That s part of the filter, too. It helps to smooth out the 
pulsations even more. But let s get back to the vacuum 
tubes, now. What does a diode do, Sam?” 

“Rectifies alternating current.” 

And Randy, what does a triode do?” 

Randy frowned. “I think you said it rectifies and amplifies 
a signal.” 
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little currents control big ones 



picture shows 
happens when 
small negative volt- 
age is applied to the 


Many of the 
electrons are repelled 
back to the cathode 
and do not reach the 



Symbol for 
triode 
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Right. Now let s see how it can do this. Incidentally, you 

can tell how many elements a vacuum tube has in it by the 

tube’s name. A diode has two, a triode three, tetrode four, 

and pentode five. The three elements in the triode are the 

cathode, plate, and the grid. The grid is a wire mesh placet 1 

between the plate and the cathode. It’s used to control the 

number of electrons that pass between the cathode and 
plate.’ 

Sam wanted to know how it worked. 

Mi. Morrow told the boys to imagine a vacuum tube with 
a plate on one side and a cathode on the other. A certain 
number of electrons would pass between the cathode and 
plate, depending upon the voltage applied to the plate. 

Now suppose we insert a grid that’s connected to a volt¬ 
age source. We’ll position the grid so that the distance 
between grid and cathode is only one-tenth of the distance 
between cathode and plate. The plate has a positive voltage. 
It tries to attract the electrons from the cathode. The grid 

will have a negative voltage. What effect do you think the 
grid will have on the electron flow?” 

Randy said he thought the grid would repel some of the 
electrons, since both had a negative charge. 

Mr. Morrow nodded approval. “And not only that! Be¬ 
cause the grid is ten times closer to the cathode than the 
plate is, it s ten times as effective in regulating the flow of 
electrons. If you had a charge of 100 volts on the plate, and 
a chaige of 10 volts on the grid, no electrons could get past 

the giid! The negative voltage there would repel them back 
to the cathode.” 

“I think I understand,” Randy said. “The plate has a 
higher voltage than the grid, but the plate is farther away 
from the cathode. It looks like a fairly small charge on the 
grid would be able to control a higher voltage flow of elec- 
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l nodes amplify a signal 



t 


plate ( + ) 

grid (-) 
cathode (—) 


The small negative bias voltage is supplied to the grid. When a 
weak AC signal from the antenna is applied to the grid, the bias 
voltage is varied so that it becomes more or less negative. The 
changing voltage on the grid changes the flow of electrons between 
cathode and plate, reproducing the wave form of the original weak 
signal. The signal coming from the triode has the same modulation 
as the antenna signal, but it is much stronger. 


trons between the cathode and the plate. 


» 


cc 


I know what it s like!” Sam exclaimed. “Like a midget 


policeman controlling traffic made up of 10-ton trucks!” 


“That’s a pretty good comparison, Sam, Mr. Morrow 
said. “But now comes the tricky part. We’re going to take 
that weak-kneed little signal selected from the antenna by 
the tuned circuit, and feed it into the grid . Remember that 
this is an AC signal. It flows in first one direction, then 
another.” 

Mr. Morrow went on to say the receiver’s power supply 
furnished a high positive DC voltage to the plate. The grid 
was going to receive a very small negative voltage from the 
power supply, this being called bias voltage. 
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As the alternating current from the signal entered the 

grid, it affected the bias voltage already present—making it 

more or less negative. When the AC signal went into the 

positive half of its cycle, it nearly canceled out the small 
negative bias voltage. 

“So you boys can see that during this time, the grid offers 

almost no barrier to the electron flow between cathode and 

plate,” Mr. Morrow said. “Almost the full range of high- 

voltage from the power supply can pass through the vacuum 
tube.” 

However, as the cycle went on, the bias voltage became 
more and more negative as the AC signal went into the 

half of its alternation. At the top of the negative 
pulse, the grid had sufficient negative charge to nearly block 
the flow of electrons between cathode and plate. 

If the AC signal in the antenna was a modulated one, 

there would be changes in the amplitude of the current in 

the grid. The tiny changes in amplitude would be mir- 

rored-but in magnified form-in the plate voltage leaving 
the vacuum tube. 

I ve got it, Randy said. “The weak, low-voltage signal 

coming into a vacuum tube transfers its characteristics to 

the high-voltage current that the tube gets from the power 
supply.” 

Now let’s try to make some sense out of the circuit dia- 
giam. This first diagram, that shows the power supply and 
the band-switching, is a little complicated. Let’s whip up 
a simpler diagram that’ll just show the broadcast-band 
circuit. That’ll involve just coils L-2A and L-2B, and elimi¬ 
nate capacitor C-l. We’ll also leave out the headphone 
circuit.” 

Mi. Morrow explained that the circuit could then be di¬ 
vided into five parts: the tuned circuit, the detector, the first 
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First Second Output 

audio audio transformer 

amplifier amplifier and speaker 


Tuned 

circuit 


Detection 


C-15 

antenna 


f 

speaker 


H'ttnnna 

binding 

post 


band— main 

spread tuning 
capacitor capacitor 


regeneration 

contro! 


The energy from the antenna is selected in 
desired signal is detected (changed into DC) 

I 2AT7 tube. The signal is amplified in the se 
and amplified again by the 50C5 tube. Tl 
changes the hign-voltage, low-amperage curi 
into a low-voltage, high-amperage current to 
speaker changes the signal to sound. 


audio amplifier, second audio amplifier, and loudspeaker 
circuit. 

“The tuned circuit you already understand fairly well. 
Energy coming in through C-15 from the antenna is sorted 
out in the circuit made up of coil L-2A and the variable 
capacitors C-3 and C-2. The one signal we want to receive 
is selected and passed on. The rest of the signals are 
grounded and lost.” 

Both boys nodded vigorously. 
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Next comes the detector stage. There s a bit of tricky 

business involved here that I’m going to skip over for the 

moment. It’s called regeneration and it has to do with 

amplifying the signal from the antenna. For now, just think 

of the energy passing through capacitor C-5 to the grid of 
the detector triode.” 

“Which one of these tubes is the detector?” Randy asked. 

Mr. Morrow picked up the 12AT7 tube. “This is really two 
tubes in one. On one side it has a detector, and on the other 
side, an amplifier. For simplicity’s sake. I’ve shown it on 
this circuit diagram as two tubes , V-1A and V-1B.” 

V-1A, Mr. Morrow pointed out, was the heart of the de- 
fi ix n- lit. The triode and its associated capacitors 
changed the AC radio -frequency signal to a DC audio¬ 
frequency signal and fed it through R-4 and C-8 to the next 
stage of the receiver. 

This stage centers about V-1B, Mr. Morrow said T 
fairly simple. The V-1B triode amplifies the audio-fre- 
«|ii n signal and passes it on to C-10, where it heads for 
the second stage of audio amplification.” 

The tube in this next stage is different,” Sam announced. 

It s a pentode,” Mr. Morrow said, picking up the 50C5 

tube. “There are five elements in it-cathode, plate and 
three grids.” 

Why three grids?” Randy asked. 

Remember that this is the final amplifier stage. It’s 

connected to the volume control that will let us make the 
signal loud or soft.” 

Ran ly searched for and found the volume control, the 
variable resistor R-7 that was connected to the first grid. 

“But what are the other two grids for?” Randy asked. 

The middle one is the screen. It has a positive charge 
and serves to attract the electrons from the cathode and give 
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These two tubes operate more efficiently than the simple triode. 
The screen grid has a positive voltage. It attracts the electrons that 
pass through the control grid, speeds them up so that they strike the 
plate with great force. r he force tends to dislodge other electrons, 
which bounce up from the plate. The supressor grid repels these 

electrons back to the plate. 

them great speed. Most of the electrons pass right through 
the screen and strike the plate with a lot of force.” 

“How about the last grid?” Sam asked. 

Mr. Morrow pointed out in the circuit diagram how the 
last grid was connected up with the cathode so that it would 
have a negative voltage. 

“As electrons strike the pate at high speed, they tend to 
dislodge other electrons from the plate atoms. This is called 
secondary emission, and we don't want it. So this hir d grid, 
called a suppressor grid, is used to repel the secondary elec¬ 
trons.” 

“I get it,” Sam said. “Batting them back to the plate 
where they came from.” 

Randy asked, “Where does the signal go from here?” 
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Transformers change voltage and current flow 


step-up transformer 

high low 


step-down transformer 
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If there are twice as many windings in the secondary as in the 
primary, the voltage in the secondary is twice as high and amper¬ 
age only one-half as great as that in the primary. 

The step-down transformer has the opposite action. This kind was 
used in Randy’s receiver to adapt the high-voltage current from the 
last amplifier stage so that it could drive the speaker. 


Mr. Morrow smiled. “Suppose you tell me that.” 

Randy pored over the diagram. “Let s see. It comes out 
the plate and goes into this transformer at the loudspeaker.” 

“What does a transformer do?” Sam asked. 

“It s a very useful gadget. If you feed a high-voltage, 
low-amperage current into this kind of transformer, what 
comes out will be a high-amperage, low-voltage current. 
Just the kind we need to operate a loudspeaker!” 

“Great!” Sam said. “The radio signal finally turns into 
sound!” 

‘How does the transformer work?” Randy wanted to 
know. 

Mr. Morrow explained that the device operated by the 
principle of electromagnetic induction. 

“Take a coil of wire and pass an alternating electric cur¬ 
rent through it. If you bring another coil of wire near the 


first one, a current will be induced in the second coil—even 
though this one s not attached to any source of current. The 
transformer is made of two coils of wire, wound opposite 
each other on a form.” 

“But how can a couple of coils have any effect on current 

flow and voltage?” Sam puzzled. 

“When you study physics, you can get the scientific 
explanation. For now, all you have to know is that trans¬ 
formers can change current and voltage. In a step-up trans¬ 
former, the high-amp, low-volt current is fed into the first 
coil, called the primary. Suppose our primary has 10 turns 
around the form. 

“The other coil, the secondary, would have more turns 
than the primary. 

“Suppose we say the secondary has 100 turns. The current 
in the primary would induce a current in the secondary. 
But the voltage in the secondary would be ten times as high 
as that in the primary, because there were ten times as many 
turns in the secondary coil!” 

“It really boosts the power, huh?” Sam commented. 

“Not really. You know that energy can't be created or 
destroyed. So as the transformer steps up the voltage, the 
amperage drops. The amperage in the secondary is only 
one-tenth that in the primary.” 

“I suppose transformers can step down voltage, too,” 
Randy remarked, 

“Yes,” said his father. “That’s what this output trans¬ 
former in your receiver will do. It has more turns in the 
primary than in the secondary. The high-volt, low-amp 
current fed into it from the final amplifier stage is changed 
into a low-volt, high-amp current to operate the loud¬ 
speaker.” 

“And the loudspeaker changes the current to sound,” 
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Regeneration 
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Coils L-2A and L-2B are wound on the same form. Even though there 

is no direct connection between them, energy can be exchanged 

through transformer action. The weak signal selected by the tuned 

circuit is amplified in the detector. The strengthened signal in the 

output circuit passes into coil L-2B. Some of its energy is transferred 

to coil L-2A, reinforcing the original weak signal by feedback 
action. 



Randy said. “And that wraps it up. 




“Except for the regenerative circuit,” Mr. Morrow said. 

Now that weve discussed transformers, you might like to 
know how that operates.” 


'Okay, shoot,” Randy said. 

Mr. Morrow showed them on the circuit diagram how 
^he coil L-2B was in a circuit connected to the plate of the 
detector triode. That circuit was the output circuit of the 
detector. It had pulsating DC in it—DC with the modula¬ 
tion pattern of the incoming signal. The incoming signal 


116 


was entering the detector via the input circuit. 

Fart of the DC energy from the output circuit was fed 
into coil L-2B, wound on the same form as coil L-1B, By 
transformer action, energy from coil B tended to reinforce 
the weak signal in coil A, making it stronger. 

Randy looked slightly puzzled. “But it’s reinforcing itself! 
Pulling itself up by its own bootstraps!” 

Mr. Morrow laughed, “The additional power is coming 
from the power supply of the receiver, Randy. We re not 
creating energy.” 

“Maybe it s getting through to me,” the boy said. “The 
output power reinforces the input signal by means of induc¬ 
tion. Power from the output circuit is fed back to the input 

* * r ^ 

circuit. 

“Right,” said Mr. Morrow. “This arrangement is called a 
feedback circuit. Another name for it is regenerative circuit, 
IPs controlled by the regeneration control, R-8.” 

Sam sighed. “There sure is a lot I've got to learn about 
electronics. This theory is really tough.” 

“Not so much tough as unfamiliar,” Mr. Morrow said. 
“When you get more at home with the terms and with the 
different kinds of circuits, you'll find that it's really fasci¬ 
nating.” 

Randy plugged in his soldering iron and squared his 
shoulders. “Right now. Fra going to get next to this receiver. 
I'm going to build it and make it work. Radio theory's no 
good if you don't apply it,” 

“Go to it,” his atlier smiled. He glanced at his wrist- 
watch and rose to go downstairs. At the stairs he turned. 

“You know, Randy, it's a good thing that cold weather is 
coming.” 

“Why?” 

“Snow to shovel,” Mr. Morrow said slyly. “You'll want to 
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The receivers power supply 


35W4 

reef. i 



AC off 
(part of R-7) 


The AC from the house line heats the filaments of all three vacuum 
tubes in the receiver. Filaments do not require direct current. Other 
elements in the tubes do. Ihe diode, 35W4, acts as a rectifier, 
changing the AC to DC. The filter choke and capacitors serve to 
smooth out the pulsations in the DC coming from the diode. 


earn money for your amateur radio equipment.” 

“Maybe Santa Claus will bring him some,” Sam giggled. 
“Hell probably have to wait for Santa Claus to bring his 
license, too!” 

“Sneer on, young one,” Randy told Sam. “I won! have 
to wait that long. Ill have my license by Thanksgiving.” 

lam instead of turkey, eh, Randy?” Mr. Morrow chuck¬ 
led. “Well, good luck!” 
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CHAPTER 



Cubs and 
transistors 


“Randy! We’re going to be late!” Sam, dressed in his Cub 
Scout uniform, clambered up into Randy’s workroom. 

“Just making sure the receiver still works,” Randy said. 
“I’ll have it packed up in a minute. You got your crystal 
set?” 

Sam nodded. Like all the Cubs in his den, he had been 
working on a crystal set. November was “Science Fun” 
month for the Scouts, and the boys in Sam’s den had 
chosen projects in radio and electricity. Randy, an Eagle 
Scout, was den chief and leader of the younger boys. 

i he Cubs were to meet at the home of the Den Mother, 
Mrs. Vickery. She lived a block away from the Morrow 
home on Arkham Avenue. 
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When Randy and Sam arrived, they helped prepare for 
the meeting. Sam and young Doug Vickery set up a make¬ 
shift antenna that would be used or testing the crystal sets; 
Randy and Mrs. Vickery talked over the main project that 
the Cubs would work on as their contribution to the pack 
meeting at the end of the month, when all of the Cub Scout 
dens would show on their achievements. 

The other boys began to arrive, and there was a lot of 
good-natured scrapping and arguing over whose crystal set 
was best. All of the sets were lined up next to the receiver 
that Randy had brought. 

Then the meeting began. First the boys recited the 
pledge to the flag and the Cub Scout Promise. Then Randy 
brought up the matter of the pack meeting. 

“Cubs, we’ve got to work up a good science demonstra¬ 
tion for the pack meeting. Den Seven has got to make a 
good showing. So your Den Mother and I have cooked up 
an extra-special project!” 

“What? What?” the Cubs clamored. 

“Were going to make an electronic robot!” Randy said. 

The Cubs cheered and stomped. One owl-eyed little fel¬ 
low protested, “But won’t that be hard?” 

“Not on your life,” Randy said. “Each one of you five 
Cubs will be able to choose the part you want to work on. 
Our robot is going to show some of the things electronics 
can do. His name will be Elmo Electron.” 

Each one of the Cubs would build a section of Elmo at 
home during the following week. The robot would be as¬ 
sembled and tested at the next den meeting. 

And if any of you guys need help, just give me a call,” 
Randy said. “Now let’s look over these crystal sets.” 

All but one of the Cubs had purchased crystal-set kits 
from an electronics supply house. The kits had all the parts 
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included, and all the boys had to do was assemble them 
according to the directions. 

Randy looked over one set. “You did a good job on your 
soldering, Owl-Eyes, but you wound the coil too loosely. 
If you want the set to work properly, each turn of the coil 

has to lie snug up against the other one.” 

Owl-Eyes said, “But the wire keeps slipping!” 

“Wind it real tight,” Randy directed. “Look at the way 
Sam and Doug did theirs.” He examined the next set. “Win¬ 
field, you didn’t heat your connection enough before you 
soldered it. See how dull-looking the joints are? Those are 
cold solder joints and they won’t hold well. When you get 
your set home, heat the joints again and apply a little more 

solder.” 

The last Scout’s set was different from the others. “Take 
a good look at Billy’s set, Cubs,” Randy said. “He hasn’t a 
germanium diode detector like the rest of you. Billy, sup¬ 
pose you tell us what kind of a detector this is, 

“It’s a real old-fashioned type crystal that my father 
used in a set when he was a kid. That rock in the little 
holder is galena. It’s got lead and sulfur in it. The thin little 
spring with the point on the end is a catwhisker. You touch 
it to the galena until you find a place on the rock that 11 
detect radio signals,” 

Randy explained to the Cubs how the catwhisker and 
galena acted just like the germanium diodes in the rest of 
the crystal sets, changing the AC currents from the antenna 
into DC current for operating headphones. 

One of the boys piped up, “I don’t see why we waste our 
time building crystal sets. Nobody uses them anymore. 
Crystals are corny.” 

“Maybe crystal sets are old stuff for you , Winfield, 
Randy said. “But they make radio a lot easier to understand 
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Radio tubes have changed 



transistor 


old-fashioned modern miniature subminiature 

standard tube standard tube tube tube 

The first home radio sets were huge cabinets. The set had to be 
large because the tubes and parts were large. Modern home and 
portable receivers demand smaller and smaller tubes. The transistor, 
which is a tiny device that does many of the jobs a tube can do, 
may eventually replace many tubes. 

for the rest of us. If you know how a crystal set works, you’re 
on your way to knowing how a regular radio works. Ami 
I’ll prove crystals aren’t corny, either. Suppose you open 
this package/’ 

Randy handed the Cub a mysterious bundle, tied with 
string. Inside were several objects wrapped in tissue paper. 
“Open the big one first/’ Randy said. 

The first bundle contained a very large vacuum tube, 
over six inches long. 

“I got this great big tube out of an old radio,” Randy ex- 
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plained. "Twenty-five years ago, radios had to take up a 
lot of space because the components and the tubes were so 

1 t yj 

big. 

Winfield unwrapped the next package, about four inches 
long. 

"This is a modern standard-sized tube. A lot of these are 
used today in electronic equipment. But more and more 
things are being designed around miniature tubes.” 

Winfield opened a two-inch bundle. In it was a very small 
electron tube. 

"You might think this miniature tube is the end,” Randy 
said, “but it’s not. Open the next package, Winfield.” 

The (mb produced an electron tube that was still smaller, 
"This is called a sub-miniature tube. It’s so small that it 
doesn’t have a socket. You have to solder its little lead-in 
wires right into the circuit.” 

"Boy, this must be the end!” Billy exclaimed. 

"Not quite,” said Randy, reaching into the paper wrap¬ 
pings. He came up with a tiny wad, unwrapped it, and 
produced something that looked like a piece of candy- 
covered chewing gum with three small wires protruding 
from it. 

"Cubs, this is the modern version of the crystal used in 
Billy’s crystal set. It’s called a transistor. This little gadget 
does the same work as this big, old-fashioned vacuum tube.” 

"Wow!” exclaimed Doug. "What a difference in size!” 

"Transistors are making it possible ? or us to have smaller 
and smaller electronic equipment,” Randy said. “Like 
portable TV sets, and tiny little radios that fit in one hand. 
Transistors can do a lot of 11 le jobs that vacuum tubes de¬ 
but they’re much smaller and take less electrical current. 
They also last longer.” 

Winfield, by this time, looked pretty subdued. "You say 
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transistors are just like crystals?” 

Randy nodded. “They’re made out of crystals of ger¬ 
manium or silicon. A transistor looks something like a sand¬ 
wich. The type of crystal used in making the Tiling and the 
‘bread’ determines the kind of job the transistor will do.” 

Owl- ]yes said, “I’ll bet that pretty soon transistors will be 
used in everything! Nobody will want vacuum tubes 
anymore!” 

Randy smiled but shook his head. “Not for a long time- 
si ever. Transistors are good for a lot of jobs, but they can’t 
do everything. They also have limitations.” 

“Like what?” Doug asked. 

“They’re very sensitive to heat, for one thing. You remem¬ 
ber how you had to solder your germanium diode very 
quickly? Well, a diode isn’t really a transistor, but it’s made 
out of the same stuff. There are other technical limitations 
that engineers know about.” 

Owl-Eyes looked crestfallen. 

“But don’t worry, transistors will be used more and more 
as engineers smooth ou< the bugs in them. One of these days, 
you’ll see the police with transistorized wo-way wrist 
radios—like Dick Tracy! And kids might be able to carry a 
little radiotelephone in their pockets—and when it was time 
to come home for supper, somebody would just give a ring!” 

“Somebody ought to rig up a transistor direction finder 
for little kids,” Doug said. “My little sister is always running 
away and getting lost!” 

Everybody laughed at that one. 

Randy said, “Now Mrs. Vickery is going to lead you Cubs 

in he den yell and a song while I get the short-wave set 
ready.” 

The Cubs gai hered in a tight circle and squatted down. 
Owl-Eyes, the smallest, crouched in the center. 
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“Windigo Den!” he howled. 

“Go!” yelled the rest of the boys, 

“Windigo Den!” 

“Go! Go!” 

“Windigo Den!” 

“Go! Go! Go! WINDIGO!!” 

Then the boys swung into one of their Cub Scout songs. 
By the time the song was over, Randy had hooked his 
receiver to the antenna and was ready to tell the younger 

boys about short-wave radio. 

“Operating a short-wave radio receiver like this isn t too 
tricky,” he began. “But there’s one thing I want you always 
to remember. Never touch any of the wiring inside while the 
set is turned on. And you should never operate a short-wave 
set or any piece of electronic equipment on a metal bench 
that’s grounded or near a sink or radiator.” 

“Why is that?” asked Doug. 

“Because electricity is attracted to the earth. Current 
could come out of the set and pass through a grounded ob¬ 
ject on its way to the earth. And it might pass through you 
on its way to the grounded object!” 

“Gee!” The Cubs looked at the set uneasily. 

“Nothing to be afraid of,” Randy said. “Electricity is our 
servant, just like fire. You wouldn’t stick your hand into t he 
stove while it was lit. So don’t touch electric wiring while 
the power is on.” 

“Where did you get your receiver, Randy?” BiUy asked. 

“Made it myself. It took about a week of evenings.” 

“Gosh! It really looks sharp!” 

“You could build one, too,” Randy pointed out. “The big 
radio stores have kits with all the parts and simple directions 
for building. All you need is horse sense and a few tools,” 

“What’s that wire you’ve got rigged up?” Owl-Eyes 
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asked, “I saw it out there as I came in.” 

“The antenna. It collects the radio waves that are moving 
through space in this neighborhood. A good anenna is 
absolutely necessary for short-wave work.” 

“I wanted to put up an antenna for my crystal set,” Win¬ 
field said, “but my mother said it would attract lightning ” 

“They don’t attract lightning any more than a tree or a 
chimney, or anything else high up,” Randy said. “But every 
antenna should have a lightning arrestor. That’s a gadget 
that keeps lightning charges from following an antenna 
lead into the house. If the antenna should be struck by 
lightning, it wouldn’t be able to start a fire or ruin your radio 
equipment.” 

Randy turned on the set to let it warm up. He set the 
Speaker-Phones switch on the back of the chassis to Speaker 
(up) position. Then he turned the regeneration control to 
its extreme clockwise position. The SW-BC switch was set 
at SW, since Randy wanted the boys to hear short-wave 
stations. 

The antenna control was turned c lockwise until it would 
go no further, then turned counterclockwise for two full 
turns. The bandspread control was set at 50. The volume 
control was turned up full. 

“That looks like a pretty complicated thing to operate,” 
Billy said. 

“Practice makes perfect,” Randy said, “After you’ve 
worked the set a few times, you don’t think anything of it.” 

Randy rotated the main tuning control slowly. A loud 
whistle came out of the speaker near the 14 Me. spot on the 
dial. It lowered in pitch as Randy turned past it, disap¬ 
peared, then reappeared and climbed again. 

“That whistle is a station,” Randy said. “Let’s tune it in.” 

He used the main tuning knob to locate the approximate 
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center of the signal—the point where the whistle nearly 
disappeared. Then he used the bandspread knob to adjust 
the tuning more finely. 

Next the regeneration control was turned down to about 
three o’clock, where the whist le disappeared and a voice be¬ 
gan to be heard. Randy adjusted the antenna control very 
slightly. 

A voice said, “CQ twenty, CQ twenty, CQ twenty. 
CQ twenty-meter phone. This is VE2PSG in Montreal, 
Canada, calling CQ twenty. VE2-Pea-Soup-George is over 
and listening. K someone, please.” 

The Cubs began to shout all at once. A Canadian station! 
Hundreds of miles away! What was a CQ? Why was he 
talking about pea soup? 

“One question at a time!” Randy laughed. He turned 
down the set so he could make himself heard. “Your ques¬ 
tion first, Owl-Eyes.” 

“What were those letters and numbers for?” 

Randy explained. “Every amateur radio operator in the 
world has to have a license. If you operate a transmitter 
without one, you go to jail. When an operator gets his 
license he’s assigned call letters like any broadcasting sta¬ 
tion. The station identifies its signal by its call letters. Cana¬ 
dian amateur calls start with VE. American ones start with 
W or K. The United States is divided up into ten amateur 
zones. We happen to live in Zone 9, so a ham around here 
would have a cal 1 starting with W9 or K9.” 

“How about the CQ?” asked Doug. 

“CQ is a term left over from the days when all radio work 
was done by telegraph key. It means something like calling. 
You could say CQ Florida if you wanted to talk to some¬ 
body there, or just CQ twenty if you wanted to talk to any¬ 
body who happened to be listening on the twenty-meter 
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“Yow can send out a CQ and get an answer from almost any¬ 
where in the world ...” 

band anywhere within range. CQ flags attention. 

Sam said, “Listen! Somebody is answering the Cana¬ 
dian!” 

They turned up the volume and listened. A ham in Cali¬ 
fornia was answering the man in Canada. * You can see why 
ham radio is so exciting. You can send out a CQ and get an 
answer from almost anywhere in the world! 

“My turn for a question!” said Billy. Why was the Cana¬ 
dian ham talking about pea soup?” 

“He was just putting words in place of his call letters, 

in case his signal wasn’t getting through too well. You know 
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how soldiers use the Abie-Baker-Charlie system when they 
get on the radio? Well, hams do it, too, to make their call 
letters easy to identify. Words are easier to remember than 

letters. Some hams use the Able-Baker system, some just 
make up their own code words.” 

The Cubs spent most of the rest of their meeting listening 
to the short-wave set and checking their own crystal receiv¬ 
ers. When the Den meeting came to a close, they all prom¬ 
ised faithfully to bring their completed share of Elmo Elec¬ 
tron next week. 

Don’t anybody lie down on the job,” Randy warned. 
“The pack meeting is the last Tuesday of the month. We 
want the Windigo Den to make the best showing of all!” 

“Go, go, Windigo!” howled the Cubs. 
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CHAPTER 



The conning 
of Elmo Electron 


Mrs. Morrow met Randy and Sam as they returned Tom 
the den meeting. 

“I didn’t have time to give this to you before, Randy, t 
came in the mail today.” She handed Randy a thick en¬ 
velope with the return address of the Federal Communica¬ 
tions Commission. 

Randy tore the envelope open. It contained a sheet of 
instructions and another envelope. “My ham Novice License 
exam! It came!” 

Sam looked at the material curiously. “Open the other 
envelope,” he said. 

“You can’t do that,” Randy frowned. “That’s the exam. 
I can only open it in front of the person who gives it to me.” 
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Mrs. Morrow asked, “Do you think you’re ready for your 


license exam, Randy? 


yy 




£< T? 


yy 


As ready as ever,” Randy said, with a lop-sided grin. 
iVe studied that ARRL License Manual so hard that the 
pages are ready to fall part. 

“Who’s going to give you the test?” Sam asked. 

Randy shrugged. “I’ll ask Chip. Maybe he knows some¬ 


body. 


y? 




Happy landings,” Sam said. “I’m going to make some 


hands for FJmo Electron!” 

While Mrs. Morrow and Sam went off to look for robot 
makings, Randy tucked the FCC envelope securely into his 
jacket and went in search of Chip Mylan. 

He found the ham shack empty. “Gee, I hope Chip is 
home,” Randy said to himself. 

He sprinted across the Mylan yard and rang the back 
doorbell. A fat blonde woman opened the door. 

Ja? Vat you vant, poy?” she asked, wiping her floury 
hands on her apron. 


yy 




yy 


Randy gulped. “Are you Mrs. Mylan? 

Nein. I am housekeeper, Mrs. Beinbruch. I am mis¬ 
placed person. Vat you vant? 

I just wanted to see Chip,” Randy said. 

He is upstairs mit dem voter —with the father. They are 




yy 


vith the radioapparat working 

“It’s very important,” Randy pleaded. 

Mrs. Beinbruch peered at him with pale, suspicious eyes 
But at last she said, “Come. 


yy 


Randy sniffed as he entered the kitchen. “Something sure 
smells good in here.” 

Apfelkuchen” said the German woman smugly. “You 
stay sometimes, maybe you get some.” 

She led the way to the back stairs. “Up. First door. I finish 
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the apfelkuchen.” 

Randy went hesitantly up the stairs. He wished Mrs. 
Beinbruch had just called Chip to the door.... Oh, well. It 


was iciie now. ne KnocKea. 

A man’s voice asked, “What is it, Frieda?” 

It s not the housekeeper—its me, Randy Morrow from 
next door.” 


A red-haired man with green eyes came out. He smiled 

at Randy in a friendly manner. “So you’re Randy Morrow. 

Glad to meet you. Always glad to meet friends of Chip’s. 

Come on in! Were working on some radio control units!” 

“Gee, I didn’t mean to bother you. I just thought I’d talk 
to Chip.” 

No trouble! No trouble! Chip’s here, too.” Mr. Mylan 
herded Randy into the room. 

And Randy stared. 

He had thought Chip s collection of electronic gear in the 
backyai d shack was large—but the contents of this room 
left him breathless. By now, Randy was able to recognize 
some of the stuff as receivers, transmitters, converters, vari¬ 
able fiequency oscillators, and automatic metering devices. 
In one comer of the room was a workbench completely 
equipped with power tools. Chip sat at one end of the 

bench, woiking on a tiny piece of equipment no bigger than 
a matchbox. 

Hi, Chip greeted Randy briefly. What’s new?” 

Mr. Mylan clapped Randy on the back. “Bet you never 

saw a set-up like this before, eh, Randy? Built a lot of it 
myself, too.” 

^ It s swell, Mr. Mylan. But what I wanted to ask—” 

Best-equipped ham shack in town. Give you odds on 

that! Maybe best equipped in the state. Why, I’d stake my 
bottom dollar that—” 
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The room seemed to have acquired a hazy look. 


Randy pulled out the FCC envelope and laid it on the 
bench in front of Chip. 

Mr. Mylan stopped talking. Chip said, So it finally 
came.” 

Mr. Mylan picked up the envelope. “A Novice exam! All 
set to take your solo, Randy? Swell! Swell! You know, you 
have to have an adult with a license supervise your exam. 

Have anybody lined up yet?” 

“I was going to ask—” 

“You were going to ask me? I’m flattered, Randy. Flat¬ 
tered! Nothing makes me happier than seeing a new ham 
enter the greatest fraternity on earth. Take off your jacket! 
Sit down! And don’t look so green, boy! Chip-get the code 
oscillator. Randy, you fill in the information requested on 
this card. Just name and address and stuff. Well have Mrs. 
Zander at the stationery store notarize it.” 
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In a daze, Randy wrote. When he was done, Mr. Mylan 

whisked the card away and substituted a sheet of blank 
paper. 

“Now for your code test. These will be common five-letter 
words. Ill transmit for five minutes, you write down the 
words. To pass, you have to take 25 letters in succession 
without a mistake. Ready? Go!” 

Randy fitted the headphones to his ears. The room 
seemed to have acquired a hazy look. Somebody’s hand— 
was it his own?—was writing on the sheet of paper. 

When Mr. Mylan called “Time,” Randy could scarcely 
believe the five minutes were up. There was his sheet of 
paper, there were the words in neatly printed capital letters. 

Til just give this a quick check,” smiled Mr. Mylan. The 
green eyes flicked down the sheet. “NO MISTAKESV he 
bellowed exultantly. 


Before Randy had time to feel good about it, a telegraph 
key was placed before him. Mr. Mylan plucked the head¬ 
phones off Randy s skull and held one phone to his own ear. 
“Now let’s hear your own fist,” he said. 

Obediently, Randy began to tap out the message printed 
on the sheet given to him. Before he could finish, Mr. Mylan 
said, You pass. Still a little jerky here and there, but you’ll 

1 n * 

do. 


With a sigh, Randy slumped back. 

Ah-ah! Don t relax yet! You’ve stih got the written exam 
■ > i 5 ass. Take all the time you want. There are twenty ques¬ 
tions, multiple-choice type. You know how that works—the 
question says, 'The man who discovered the New World in 
1492 was named A, Groucho Marx; B, Julius Caesar, or C, 

Christopher Columbus. You mark down the letter that cor¬ 
responds to the right answer. Got it?” 

: ■ it, ’ Randy said. He started work on the questions. 
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They were, he found, extremely easy. No wonder that eight- 

year-old girl had been able to pass! 

At the other end of the room, Chip and his father worked 
on the radio control units. Chip seemed to be building the 
receiver, for every now and then he tested the fit of the 
tiny chassis in a compartment in the cabin of a large model 

airplane sitting on the bench. 

Randy cleared his throat. The red heads of both Mylans 


shot up. 

“I guess Tm done,” Randy said with a crooked smile. 
“Don’t look so tragic, boy!” Mr. Mylan boomed. He took 
up the exam paper and scanned it. “We’ll have to send this 
to the FCC for correction, of course. And if you’ve passed, 


they’ll mail you your license. You just watch the mailbox! 
Randy asked anxiously, “But can’t you tell me if I 

passed?” 

Mr. Mylan winked. “That’s between you and the FCC. 
Of course, from what I can see, you did pretty well. Pret-ty 



well!” 

“I—uh—thanks, Mr, Mylan.” Randy started to put on his 


jacket, 

“Don’t be in such a hurry, boy! Have a look at these re¬ 
mote control units Chip and I are building! With these, 
we’ll be able to control this model plane by radio.” 

“It’s swell, all right,” Randy said. “Did you design the 

units yourself, Mr. Mylan?” 

“You bet your sweet life I did! The transmitter sends out 
seven different tones. The receiver decodes the tones and 
trips the relays that operate the various controls. When we 
get it finished, this little plane is going to sweep the board 
at the model plane meet in the spring. Bank on that!” Mr. 
Mylan guffawed heartily. “Bank! Get that pun? 

Randy said, “You must know a lot about electronics, Mr. 
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Mylan.” 

“Not so much, not so much. Every day in my work I meet 
a dozen other guys who make me look like the dunce divi¬ 
sion in kindergarten! How about you, Randy? Going to be 
an electronics engineer?” 

“I’m thinking about it,” Randy said. “Actually, I just 
started to look into it.” 

Great! Glad to hear it! What aspect of the field interests 

you most? Communications? Basic research? Production 
engineering?” 

1 —I dont know too much about what engineers really 

do . . .” 

“Well, we’ll have to do something about that! Tell you 
what. I his looks like a good time to kill two birds with one 
stone, if you get the picture. I’ve been promising Chip a 
visit to the place where I work. How about you coming 
along, Randy? Ever visited an electronics firm?” 

Randy shook his head. 

Would you like to?” Mr. Mylan persisted. 

“Would I? Oh, boy!” 

Mr. Mylan was lost in thought for an instant. Then he 
snapped his fingers. “The day after Thanksgiving,” he mut¬ 
tered. That s the time! You kids don’t have any school then, 
do you?” 

“No,” Chip and Randy said, both at once. 

Good! Swell! III talk this over with a friend of mine in 
the public relations department, and we’ll see whether 
things can be arranged. How’s that strike you?” ' 

Fine, said Randy. And I wanted to ask Chip if he’d 
help me on a project that’s got me stymied,” 

“Like what?” Chip asked laconically. 

“Well, my gang of Cub Scouts is building a robot-” 

“Robot!” Mr. Mylan exclaimed. “Boy, there’s a project! 
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Randy asked, “Did you design the units youvselfF 

You using mechanical linkages or electronic circuits in your 
servomechanisms, Randy?” 

Randy gulped. “Our project is pretty simple. The Cubs 

are just little guys. You interested. Chip?” 

The other boy shrugged. “I might wander over to super- 

vise things if I have time. 

“Of course hell have time!” Mr, Mylan said. And you 11 
want to start building your transmitter, too, Randy. Ought 
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to have your transmitter built by the time your license ar¬ 
rives, you know. You’ll want to get on the air right away. 
No delays!” 

I don t want to bother you if you’re busy, Chip—” 

“Nobother!” Mr. Mylan said. “And feel free to call on me 

if you work yourself into a corner. You’re sure you have 
to leave so soon?” 

Randy said that his supper would be ready, and said 

goodbye o the Mylans. The German housekeeper let him 

out, but not before she had wrapped a freshly baked apple 
cake for him. 

Mr. Morrow greeted Randy with a slightly puzzled ex¬ 
pression. A little late, aren t you, son? We finished ten 
minutes ago.” 

“I took my ham exam,” Randy explained breathlessly. 
He had run all the way home. Now standing in the front 
hall, he stared at the man in front of him. 

“Dad, I’m so glad you’re my father!” he exclaimed, then 
ran for the dining room. 

“Kids,” said Mr. Morrow, shaking his head. 

As the weeks went by, Elmo Electron slowly took form 

under the hands of Randy’s Cubs. They cut and pounded 

and painted, and followed Randy s directions in wiring the 
robot. 

“Elmo’s like a signboard,” Randy explained. “He’ll show 

you how electronics can do many jobs. We can’t make a 

genuine working robot that’ll walk or wash dishes, of 

course, but we can make a model that’ll get the wonders of 

electronics across to the rest of the Cubs at the pack meet- 
* ?> 
mg. 

Chip Mylan eventually got into the act. Randy urged 
him to help the Cubs work out a “voice” for Elmo, and the 
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other boy became so intrigued by the project that he ended 
up doing more of the supervising than Randy. 

On the evening of the day of the pack meeting, Randy, 
Chip, and the boys of the Windigo Den arrived early at the 
school hall where the meeting would be held. Mrs. Vickery 
and the other Cub mothers had helped to make long drapes 
out of old sheets. These would cover the platform where 
Elmo stood and keep his secret until the right time came. 

By seven o’clock, the hall began to fill with other scouts 
and their parents. The boys from the other dens began to 
set up their projects. 

“Sam, find an outlet for this cord,” Randy directed. “Doug 
and Billy, be sure those arms are fastened on tight. We can’t 

have Elmo coming apart in the middle of his act. Where’s 
Winfield?” 

“Still practicing,” Owl-Eyes said. “He’ll forget his lines 
yet!” 

By seven-thirty, everything was ready. The Cubmaster 
opened the pack meeting. Cubs and parents took part in 
the ceremonies and singing that followed. Awards were 
made to those boys who had merited them. 

And then the fun began. Each den presented its project. 
Den One had a magnetic trick show. Den Two had chosen 
chemistry as its topic for “Science Fun” month, and pre¬ 
sented a particularly spectacular show. 

That was a pretty neat trick,” Sam whispered to Randy. 
Spraying that piece of white cloth with a chemical and 
turning it into their den flag. 

Owl-Eyes groaned. “Why do we have to be Den Seven? 
The last of all!” 

But their turn finally came. The boys crossed their fin¬ 
gers and took their places. 

Winfield stepped forward in front of the drapes that hid 
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Elmo. Squaring his shoulders, he declaimed: 

“Parents, leaders, and fellow Cubs! Den Seven, the Win¬ 
digo Den, has chosen radio and electronics as its topic : or 
the month. Therefore, it is with great pleasure that we pre¬ 
sent the most fabulous, the most remarkable, the most fan¬ 
tastic exhibition ever—ever—” 

“There he goes,” Owl-Eyes predicted gloomily. 

But Winfield recovered triumphantly, “—the most fan¬ 
tastic exhibition ever presented ever! Introducing . . . Elmo 
Electron!” 

All of the lights in the room went out. A peculiar sound 
made itself heard: Buzz , dong! Buzz , dong! Buzz , dong! 
The drapes swept back invisibly in the darkness, and 

suddenly two red-glowing eyes peered mysteriously at the 
audience. 

Eek! said a timid mother in the front row. 

I,” boomed a loud, resonant voice, “am Elmo Electron! 

I have strange powers, and I will show some of them to you 
tonight!” 

Suddenly, two powerful flashlights focused on Elmo. 

Held by Sam and Doug Vickery, the lights illuminated 

Elmo s huge form, making him stand out mysteriously in 
the dark. 

The audience gasped. Elmo was over six feet tall. His 

body and limbs shone silvery in the light. His mouth was a 

round loudspeaker, his nose a large vacuum tube. His ears 

were made from a pair of variable capacitors. On his head 

was a transformer “hat” with a whip antenna sticking out 
of it. 

Elmo s hands had fingers fashioned of slender coils of 

coloied hook-up wire. One hand held a pair of headphones, 

the other a microphone with its cord plugged into Elmo’s 
chest. 
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“Introducing . . . Elmo Electron!'' 


As Elmo spoke, his chest had lit up. An illuminated panel 
was marked ELECTRONIC BRAIN. Beneath it, colored 
lights blinked on and off rhythmically. 


142 


Winfield stepped forward. “I will speak questions into 
the microphone Elmo holds. And Elmo will answer! Ob¬ 
serve the marvels of science, ladies and gentlemen!” 

In back of the drapes, the operators got ready. 

“Tell me, Elmo,” Winfield asked loudly,“ can you see?” 

A green sign on Elmo's chest lit up the answer YES, A 
bell donged musically. 

I can see many things with my electric eyes,” the voice 
from the loudspeaker said. “I can see burglars entering a 
factory. I can see people entering a supermarket and open 
doors for them. I can see airplanes and ships lost in the og. 

I can see tiny living things with my electron microscope 
eyes!” 

“Can you smell?” asked Winfield. 

Again the YES sign lighted and the bell sounded. “I can 
smell smoke and fumes in the air. Electronic devices that 
can smell help keep the air clean and safe to breathe.” 

“Somebody told me you can't hear. Is this true?” 

This time a red NO sign lit up. There was a harsh buzz. 
“I can hear a whisper half a mile away. Electronic micro¬ 
phones can pick up every kind of sound. Sonar devices can 
hear fish under the ocean—and submarines as well!” 

Winfield asked the robot question after question. Elmo 

told the audience that through electronics it was possible 

to cook, kill germs, track down hurricanes, produce intense 

heat for industry, and perform mathematical problems in 

• hour or two that would take a man many years to work 
out by himself. 

You talk pretty big, Elmo,” Winfield said, pretending 

to be skeptical. “But Ill bet atomic energy is going to make 
you look small!” 

A clanging bell ang out and a large blinking sign said 
TILT! Elmo's voice protested, “That's not true! Electronics 
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works with atomic energy. Electronics are part of atoms, 
after all! Atomic energy depends on electronics for lots of 
important jobs. Radio waves are even used for measuring 

atoms!” 

“I guess you win, Elmo,” Winfield conceded. He turned 
to the audience again. “You have now seen only a few of 
the wonderful things Elmo Electron can do. Watch for 
him! You’ll be seeing more and more of him—and of elec¬ 
tronics!” 

All of Elmo’s lights and bells flashed and clamored at 
once. “Good-bye! Good-bye!” he shouted. 

The flashlights went out and the curtains closed. Billy, 
stationed at the switch, turned on the room lights once more. 
And the audience began to clap. And clap! Everyone 
crowded around Elmo’s platform, an 1 the Cubs of Windigo 
Den had to open the drapes and show how the robot 
worked. 

The loud voice of Elmo belonged to none other than little 
(^wl-Eyes, who had been concealed behind the drapes. He 
spoke into a small microphone that was hooked to the loud¬ 
speaker. Elmo’s cylindrical head was a little wastebasket, 
painted silver, with an amplifier mounted in it. 

The lights and bells were controlled by Bi ly, Randy, and 
Chip, working with a miniature control board full of push¬ 
button switches. 

Elmo’s frame was made of sturdy two-by-fours. His body 
was of heavy cardboard, painted with aluminum paint. The 
robot’s arms and legs were tin cans that had been fitted over 
the wooden framework and wired together. 

There was one thing most of the aud ience agreed upon. 
Elmo was the hit of the show. The Windigo Cubs went 
home gleefully, and Randy and Chip went home full of 
pride. 
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Widening 
horizons in 
electronics 

“You boys just wait here a minute while I get things ar¬ 
ranged,” Mr. Mylan said. 

Chip and Randy seated themselves in the reception room 
of the electronics firm. They were visiting the Chicago plant 
of Motorola, Inc., a large manufacturer of many kinds of 
electronic equipment. 

Mr. Mylan came over and presented each of the boys 
with a clip-on badge that said VISITOR. “Can’t have un¬ 
authorized people wandering around, you know. Some of 
our work is secret. You boys probably know that military 
electronics is pretty important these days.” 

Randy asked, “Can you talk about what you do? Can we 
see any of the secret stuff?” 
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Military electronics has many branches 





aircraft 




way radio 




mine warfare 




missiles 


“Afraid you won t be able to poke around in any missile 
guidance systems! But I can tell you something about the 
work.” 


Mr. Mylan said that military electronics had two 
branches. The first one dealt with adapting standard elec¬ 
tronic devices for use by the armed forces. 

This would take in fields like two-way portable radio, 
subminiature radio—that’s your Dick Tracy stuff—signaling 
devices, microwave equipment, radar and sonar, direction 
finders, and computers. All of these things can be used by 
civilians, too, of course.” 

“How is military electronic equipment different from 
ordinary stuff?” Randy asked. 

“Well, it has to be especially rugged, for one thing. The 
delicate circuits and components have to be protected from 
the weather and rough treatment. Then sometimes the 
equipment has to be adapted for use with batteries or port¬ 
able power sources.” 


Mr. Mylan said that the second phase of military elec¬ 
tronics involved those pieces oi equipment that had no 
civilian application—as yet. Missile guidance systems, prox¬ 
imity fuses, electronic countermeasures, and mine warfare 
devices were a few of the projects that he mentioned to the 
boys. 

“Missiles, of course, are the current big deal in the elec¬ 
tronics field. Engineers have made fortunes establishing 
new companies that do practically nothing but design mis¬ 
sile systems. Nowadays, missiles only have military appli¬ 
cation. But hang on! Space travel's coming—and when it 
does, you'll travel to the moon in a rocket guided by a fan- 
cied-up missile control system!” 

A curly-headed man in shirt sleeves stepped into the 
reception room. 
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Here’s the man we want to meet! 




Mylan said 






heartily. “Sully, I want to introduce my son, Chip, and his 
pal Randy Morrow, Boys, this is Sully Adkin, the man who 
can answer all your questions. He spends most of his time 
interviewing engineering recruits at universities and trade 
schools around the country. 

The boys shook hands with Mr, Adkin. 

Sully looks like a fresh-faced grad himself,” Mr. My¬ 
lan said. “No wonder he gets along so well with the young 
guys! You boys want to remember that electronics is a 
young man’s business. Take Motorola—our president isn’t 
forty years old yet. And that’s the way it is all over the field 
today!” 

Mr. Adkin grinned at the boys. “For really advanced re¬ 
search, we keep a five-year-old child genius stowed away 
in the sub-basement.” He winked at Randy and Ihip. 

Randy said, “Mr. Mylan was just telling us about the 
military engineering work you do.” 

“That’s an important phase,” Mr. Adkin agreed. “When 
an engineer goes into that kind of work, he finds himself 
learning new things that aren’t even taught in the univer¬ 
sities yet.” 






Gosh! 


» 


But suppose we give electronics an over-all look. As I 
understand it, you boys want to know what an electronics 
engineer does. I’ll be glad to show you around our organ¬ 
ization and let you talk to some of the men. You’ll find out 
that the work we do ranges all the way from designing 
home TV sets to gamma-ray techniques and automation.” 

“Let’s start with the familiar stuff first, Sully,” Mr. Mylan 
suggested. “How about looking into TV and radio.” 

Led by Mr. Adkin, Randy and the Mylans made a tour 
of the TV production line. They saw conveyors everywhere, 
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The hoys could see the sets grow . . . 

carrying sets in various stages of completion. The TV set 
was born as a copper-plated chassis, punched and ready to 
receive its components. 

The boys could see the sets grow as they moved along 
the assembly lines. First the bolted-down components were 
installed. Then the parts which were to be soldered in 
place were put into position. Finally, the wired chassis was 
passed through an automatic soldering machine. Vacuum 
tubes were installed last of all. 

All along the route, the new-born sets were tested, tested, 
tested. “Our quality control engineers are constantly in¬ 
specting the equipment we produce,” Mr. Adkin explained. 
“They check the components we receive from our suppliers, 
they check the quality at every stage of production, and 
they check the way models perform after long use.” 
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“Young engineers start their training in the model shop ” 


“There are certainly a ot of women working in elec¬ 
tronics/’ Chip remarked, glancing at a group that was in¬ 
stalling coils. 

Mr. Adkin nodded. “One of the little mysteries of the 
electronics business is the fact that there are so few women 
working as engineers—and so many working in produc¬ 
tion!” 

“One of these days the girls are going to find out what 
a snap electronics engineering is—then, watch out!” Mr. 
Mylan laughed, “Seriously, though, there’s no reason why 
a woman couldn’t succeed as well in electronics as in chem¬ 
istry or any other branch of science.” 

Chip said, “Aw, who wants girls all over the place! Petti¬ 
coat engineers!” 


1.50 


Mr. Adkin said, “No prejudice here! We’ll hire any women 
engineers who qualify.” 

Then he explained that the finished TV chassis would 
be shipped to another plant, located just outside Chicago, 
for installation of the picture tube, cabinet, and hardware. 

“You’re seeing the end-product of our television engin¬ 
eering division here in the production department,” Mr. 
Adkin said. “Before a set can be put into production, months 
or even years of work go into its design.” 

Mr. Adkin said that new and improved sets had their 
beginning in the advanced research department. There, in 
a completely equipped laboratory that even had its own 
TV transmitter, engineers worked on problems in color TV, 
v.h.f. and u.h.f. TV, transistorized TV, and other new de¬ 
velopments. 

From the advanced research department, the new de¬ 
sign went to the development engineers, who modified the 
design to make it practical to produce and market. Research, 
development, production; those three divisions formed the 
foundation of the industry. 

“Now let’s look into the fie d of home and automobile 
radios. Radio receivers are the granddaddies of all elec¬ 
tronic products, but grandpa is getting younger every day! 
Let me show you.” 

The boys gaped at an exhibit showing the first standard 
broadcast receiver made by the corporation for the automo¬ 
biles of 1930. It was a bulky contraption, nearly two feet 
long. They were able to compare it with the latest model 
auto radios—compact, neat, efficient devices that had the 
tone quality of home radios. 

“These auto radios are powered by a transistor that we 
produce ourselves. The transistor makes it possible to elim¬ 
inate twenty parts from the radio—and it lasts almost in- 
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definitely! Some say transistors will last forever.” 

Randy and (>hip saw newly designed AM and FM home 
radio receivers and hi-fi sets. They saw all-transistor port¬ 
able radios that fit in the pocket, and more powerful models 
no larger than books. Mr. Adkin told them that some models 
could be operated for up to 750 hours on one set of bat¬ 


teries. 

“Young engineers are likely to start their training in our 
AM-FM-TV model shop,” Mr. Adkin remarked. “It’s there 
that the new design first takes physical shape. After the 
young man has established his abilities and interests, he* 
moves on to specialize in the field that interests him most. 
Of course an experienced engineer would probably be able 
to move right into the division of his choice.” 

“Let’s show the boys around the two-way division now,” 
Mr. Mylan suggested. 

“You’ll find that two-way radio is one of the fastest grow¬ 
ing fields in electronic communications,” Mr. Adkin said. 

“Do you mean radios for police cars and taxis?” Randy 
asked. 

“Those are two big users, of course. But did you know 
that railroads make great use of two-way radio? Engineers 
and dispatchers can contact each other with information 
on train movements. Trains can be switched at night or in 
rainy or foggy weather that might otherwise bring traffic 
to a standstill.” 

Mr. Adkin mentioned some of the other uses of two-way 
equipment. Fire departments, civil defense, and rescue 
units found that the systems helped save lives when quick 
communication was vital. Conservation officers were able 
to relay forest fire control in formation from the site of the 
trouble. Reporters and photographers traveled to the scene 
of news events in cars equipped with two-way radio. In this 
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way, on-the-spot information could be transmitted directly 
to the editorial offices without loss of precious time. 

Randy and Chip learned that two-way radios were be¬ 
ing used more and more in industry as well. Oil and gas 
companies installed the radios in their maintenance trucks 
and supervisor’s cars. Power companies doubled the effi¬ 
ciency of their repair crews by equipping them with radios. 
Highway and other construction engineers used them to di¬ 
rect heavy machinery. Trucking companies used radios to 
alert their drivers to heavy traffic conditions on certain 

routes, and to assign deliveries. 

Randy said, “Once when our car wouldn’t start, the Auto¬ 
mobile Club sent a truck that was radio-dispatched.” 

Mr. Adkin nodded. “And you would have had to wait 
much longer for road service if the truck hadn’t been 

equipped with two-way radio.” 

“Nowadays,” Mr. Mylan said, “saving time is just as 
important as saving money. And that’s where two-way radio 
comes in. Why—even the owners of large farms and ranches 
use two-way radio to direct their men.” 

Chip said, “And don’t forget maritime radio. That’s one 
of the oldest types of two-way operation. Marconi worked 
on radio on his yacht!” 

Randy asked, “Who thinks up all these uses for your 
radios?” 

“Ah—now we branch into sales engineering,” Mr. Adkin 
said. “The sales engineer is one of the most important men 
in the electronics set-up. What good are the wonderful new 
electronic products whomped up by the research and de¬ 
velopment divisions if nobody knows about them? Or if 
people don’t realize how the product can be applied to 
make their own lives easier? A sales engineer needs more 
than technical skill. He has to be a businessman, and he 
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Two-way radios have many uses 
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has to have imagination anci an understanding of human 
needs.” 

Mr. Adkin said that systems engineering was another 
important part of the industry. The systems engineer started 
with basic pieces of electronic equipment and developed 
them into a coordinated unit tailored to the specific needs 
of the consumer. 

The systems engineer might lay out an efficient new 
police radio system. He might specialize in industrial appl- 
cations. Microwave systems engineering is one of the new¬ 
est fields. Our corporation has been a leader in microwave. 
Nearly every microwave project is a step into the fascinat¬ 
ing unknown.” 

“Im going to study microwave,” Chip announced. “Tele¬ 
metering.” 

“What’s telemetering?” Randy asked curiously. 

“Transmitting metered information by remote control. 
You know about the earth satellite project s, don’t you?” 

Randy nodded. 

“Well, the satellite is full of instruments that are gather¬ 
ing information. The telemetering transmitter sends the 
data back to the observers on earth. There are all kinds of 
other applications of telemetering, too. Like transmitting 
Arctic weather information, and high altitude research, 
and—oh, lots of things.” 

“Chip’s model airplane will have a telemetering gadget 
in it,” Mr. Mylan remarked, lighting his pipe. 

“How about that!” Mr. Adkin enthused. “What kind of 
information are you transmitting?” 

Chip turned red. “Aw, just the air speed. I haven’t got 
the bugs worked out of it yet.” 

“Keep up the good work. Microwave is a wonderful new 
field. Besides telemetry, there’s relay communication, re- 
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mote control of vehicles and apparatus, radar, and lots of 
new angles that are still under wraps.” 

Randy, ]hip, and the men stepped into one of the engi¬ 
neering labs where young engineers were at work. “I want 
you boys to meet Kurt Sandweiss, one of our brand-new 
engineers. Kurt graduated from Illinois Institute of Tech¬ 
nology less than a year ago. He’s already designed a new 
type of tone generator that has big potential.” 

The boys talked to the blond, youthful engineer. Rather 
shyly, the young man told them about his project and 
showed them the device he was working on. 

“This is Kurt’s project, right from scratch,” Mr. Adkin 
said. “He conceived the idea, he worked it out. No varia¬ 
tions on somebody else’s theme for Kurt! He’s got to do 
it himself!” 

“A lot of others have given me their suggestions,” Kurt 
protested. “Everybody helps.” 

“But you coordinate,” Mr. Mylan smiled, “And that’s 
what’s important. More power, Kurt. We’ll see you around.” 

When they had left the lab, Mr. Adkin explained that 
Kurt’s field was low-frequency supervisory control. “Audio 

tones are used together with microwave. They can also be 

* 

transmitted over high-voltage power lines and by other 
means. You probably never heard of this branch of elec¬ 
tronics, but it’s an example of one of the exciting new fields 
mushrooming up.” 

“I’m dazed!” Randy exclaimed. “I knew the field was 
big—but it seems to be growing by the minute.” 

“Expanding horizons, that’s what were facing,” Mr. Ad¬ 
kin said. “Engineers are finding new applications for fa¬ 
miliar products, and developing new electronic techniques 
and equipment so fast that you almost can’t keep up with 
them. We’ve got electronic clocks now that can split a sec¬ 
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ond into a billion parts. Chemistry has electronic measur¬ 
ing devices that make precision work easier. Electronics 
even has application in medicine! The machine that meas¬ 
ures brain waves is only one example.” 

“It’s a wonderful frontier, boys,” Mr. Mylan said, “and 
it’s begging for new men to tackle it!” 






























































































CHAPTER 


11 



Should I be 
an electro tics 

engipeer? 

Mr. Adkin led Randy and the Mylans through the quiet 
corridors of the research department. Through the glass 
windows in the enclosed offices, Randy could see research 
men—apparently gossiping together over their coffee. 

“Don’t be fooled by the goldbrick look,” Mr. Adkin said. 
“They’re doing more work with their blackboards than any 
of us ordinary soldering-iron jockeys! The basic research 
engineer almost lives electronics! He cant stop thinking 
about it.” 

“I think I understand,” said Randy. “Men like that seem 
to be the foundation of almost every industry, don’t they ?” 

“Yes,” Mr. Adkin agreed. “Not every engineer has such 
a temperament. A lot of the young men that enter elec- 
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tronics do so because it offers excellent salaries ai i d oppor¬ 
tunities for interesting work.” 

“Why did you come into the field, Mr. Adkin?” Randy 

asked suddenly. 

The man paused to think for a moment. “I think my 
answer to that one would be fairly typical of the answer 
you’d get from a lot of us. It starts out, ‘When I was a kid, 
I liked to fool around with radios 
Everybody laughed. 

Randy said, “I’ve been thinking seriously about an elec¬ 
tronics career. Do you think this might make a good ad¬ 
mission ticket?” 

He took an envelope from his pocket and opened it, 
showing the document it contained to Mr. Adkin and the 
Mylans. 

It certified that Randall Morrow was a licensed radio 

operator of the Novice Class. 

“I’d say this was the best admission ticket in the world,” 

Mr. Adkin said. 

Randy and Chip saw many more things during their visit. 
They were shown laboratories where research men worked 
on such developments as transistors, printed circuits, crys¬ 
tals for frequency control, and components designed to 
meet specialized needs. 

Today’s compact equipment needs smaller and smaller 
components,” Mr. Adkin remarked. “We produce some of 
our own components and we purchase others from com¬ 
panies that specialize in their design.” 

Mr. Mylan said, “Improvement of components like ca¬ 
pacitors, resistors, and transformers is an important part 
of the electronics industry .” 

“Everything seems important and interesting,” Randy 
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said. “I just can’t decide what attracts me the most! Mr. 
Adkin, what kind of an education does an electronics engi¬ 
neer have to have?” 

“That depends on the kind of job he wants, Randy. A 
technician would go to a technical high school and have 
some trade school training. A person who completed trade 
school might enter production engineering, servicing, or 
field sales. He might also become a laboratory assistant.” 

Mr. Mylan said, “And if a trade school grad did espe¬ 
cially fine work, and perhaps took some night school courses 
at a tech institute, he might work himself up into an engi- 

4jj, 

neering position. 

Chip said, “But most engineers have E.E. degrees, don’t 
they?” 

“Most of them do,” Mr. Adkin said. “And you should 
plan to acquire a degree it you want to qualify for top jobs 
and top salaries. No engineering grad has to worry about a 
job these days! Every electronics firm sends out characters 
like me to recruit talent from the graduating classes.” 

“What kind of work would a brand-new engineer do?” 

Randy asked. 

“He’d undergo a training period first. Then he might 
go into a research or development lab, or he might become 
a group leader for some project. Production engineering is 
a challenging field, and so is sales engineering and promo¬ 
tion.” 

“What about the engineer with a graduate degree?” Chip 
asked. 

If you’re interested in basic research, you’ll need an 
M.A. or Pli.D. degree.” 

Randy frowned. “What I need now, though, is a set of 
standards to tell me whether Ym cut out to be an engineer!” 

“That’s something you’ll have to answer yourself, 
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Randy,” said Mr. Adkin. “But I can tell you a few of the 

general qualities an engineer should have.” 

First, Randy learned, an engineering student needed 
ability in mathematics. Not only was math a useful tool in 
his work, but it was a good index of brainpower in an in¬ 
dividual. If you were good at math, you were likely to make 
a good engineer. 

Second, an engineering student should enjoy physics and 
chemistry—particularly if he felt attracted toward a career 
in electronics. 

Third and trickiest of all was the matter of personal 
taste. This was the question that each individual had to 
thrash out with himself. 

“I like electronics very much,” Randy said. * Of course. 
I’m not the world’s handiest guy with a soldering iron . . .” 

“A man who’s clever with his hands is not necessarily a 
good engineer,” Mr. Adkin said. “It helps, of course, espe¬ 
cially if you go into developmental engineering. But many 
of the top design engineers couldn’t wire a circuit neatly 
to save their lives. Brainpower is the important thing in en¬ 
gineering. Not manual dexterity.” 

Randy grinned. “I’m going to read a lot more about elec¬ 
tronics, Mr. Adkin—and work on my ham station to see 
whether I really have the heart for it. Maybe then I’ll be 
able to make up my mind!” 

“Good luck to you, Randy,” the electronics man said. 
“Maybe one of these days I’ll be recruiting you from some 
campus!” 

Chip said, “I don’t know about him, but you’ll be seeing 
me around if you scout some really high-power talent.” 

Mr. Mylan laughed. “Don’t mind him. The kid can’t help 
it—he’s my son! Well, Sully, I’m going to put these two 
characters on the train. I’ll be seeing you. And much thanks 
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for the guided tour! 

“My pleasure,” Mr. Adkin smiled. Take some of these 
booklets with you, boys. They might furnish a little food for 

thought.” 

Randy and Chip thanked Mr. Adkin and said good-bye. 

Later, on the train, the boys talked things over. 

“It must be a wonderful feeling to have your career all 

planned out,” Randy said. 

“Ry 0 fy guy ought to have a good idea of the field he 
wants to go into by the time he finishes high school,” Chip 
said. “Nowadays, you cant just drift into a career after 
studying a little of this and that—particularly if you want 
to take up engineering. You have to make up your mind 
and begin to specialize even in high school. There s so much 

to learn!” 

“I know,” Randy said. “Electronics seems to have a lot 
of fascinating aspects to it. 

“It does! That’s for sure! And Mr. Adkin and my Dad 

only gave you the part of the picture that the) famili > 

with. There are lots more angles to the field. 

“I’ve been jotting down a few of the different divisions 

of electronics that I’ve come across. Want to see the list?” 
“Sure,” Chip said. Randy passed over his notebook. 


SOME OPPORTUNITIES IN ELECTRONICS 


Communications 

Radio 
Television 
Two-Way Radio 
Microwave 


Pulse-Code-Modulation 


Carrier and Control 
Supervisory Control 
Telemetering 
Servomechanisms 

Selective Signaling 
Power Line Carrier 
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Navigational Aids 
Radar 
Sonar 

Direction Finding 
Range Determination 
Radiosonde 

Home Application 
Cooking 

Air Conditioning 
Household aids 
Cleaning 
Heating 


Instrumentation 

Electronic Measurement 
Radiation Monitoring 
Physics Application 
Chemistry Application 
Medical Application 
Radioastronomy 
Meteorological Devices 


Computers 

Digital Computers 
Analog Computers 
Automation 


Industrial Application 
Feed Control 
Quality Inspection 
Timing 
Regulation 
Testing 
Sorting 
Inspection 
Heating 
Ultrasonics 
Piezoelectricity 

Miscellaneous 

Miniature Components 

Transistors 

X-Ray 

Particle Acceleration 
Military Electronics 
Food Irradiation 


“I know the list doesn't give the complete picture/' Randy 
apologized. “I'd need a book for that." 

“It does a pretty good job of showing the scope of the 
field/' Chip said. “Hey! Here's our station!” 

The train slowed and came to a stop and the boys got off. 
Watching the train begin to move away from the station, 
Kandy said, “Wonder if the engineer has a radiotelephone?" 
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“Could be,” Chip said. “Could be!” 

“Phones for trains, space satellites, electronic brains— 

what a field to work in!” Randy exclaimed. 

“Well,” Chip said, “suppose we get home and do a little 

of that work. You’re a ham now, remember? 

“I sure do! Want to come over and hear me make my 

first broadcast?” 

“Don’t mind if I do. 

Randy grinned. “I can hardly wait to contact more hams. 
There are sure a lot of questions I want to ask them. Lots 

and lots of questions!” 


THE END 
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TESTING YOUR ELECTRONICS I. Q. 


by Robert Oakes Jordan 

Robert Oakes Jordan & Associates, Inc. 

1. The common means of transmission for amateur radio, 
television and radar are: 

a) sonic waves b) fluid waves c) vacuums 
d) electromagnetic waves 

2 . Sound waves travel best through: 
a) space b) air c) the ether 

3 . Do the wave motions of a radio wave act more like: 

a) the expanding and contracting bellows of an ac¬ 
cordion; or 

b) the waves on a pond 

4 . Electromagnetic waves travel at a speed of : 

a) 180,000 feet per second 

b) over 180,000 miles per second 

c) as fast as they can be transmitted 

5. A cycle in measuring a form of wave motion meai hat 
the action of the waves: 

a) repeats b) is absorbed c) works against itself 

6. Kilocycles are the measure of a radio wave’s: 

a) power b) sending distance c) absorption 

d) length 

7. If you pluck a clothesline harder or softer you will 

affect the_of the vibrations. 

a) transmission b) frequency c) amplitude 
d) type 


166 


8 . 


9 . 


If you pluck a clothesline at random you are- 

its basic or carrier frequency. 

a) lengthening b) destroying c) modulating 
In radio terms AM means: 

a) auto-matic b) antemeridian 

c) audio modulation d) amplitude modulation 

The harmonics of any note include- 

a) lower b) higher c) both 

neans: a) continuous wave 

b) constant wave c) carrier waves 
12 . A cold solder joint is one which has: 

’ a ) been left to cool b) been dipped in water 

) been moved and loosened before the solder cooled 
A radio detector changes radio waves to: 

-m V -» * "1 _ _\ “W* tf”! , 


10 . 


quencies 


11 


CW 


13 


a) sound 
d) dc (direct current) 


energy 


c) radio signals 


14 . 


A crystal detector (germanium diode) has an action 

a) good pair of earphones 


similar to a: 

b) 


15 . 


u / one way valve c) long antenna wire 
The mica capacitor in the earphone circuit of a crystal 

f_ rt «^ronarrT\; fn thf 1 


set bi-passes the. 
ground connection 
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17 


18. 


frequency energy to 11 u■ 
a) radio b) audio 

c) carrier d) useful detected 

The Image Orthicon in a television camera —— 

the viewing tube in your television set a) identical to 

b) is opposite to c) bears no relationship to 

The signal from a television station operates on- 

carrier frequency channels. 

a) five b) one c) three d) two 

There are _scanning lines on the face of a 

television tube that makes up the picture. 

a) 15,000 b) 15,000 divided by 3 c) 525 a) b 
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19 . An _ beam striking the phosphorescent 

television tube makes the picture. 

a) ion b) argon c) electron d) atomic 

20 . The nucleus of the atom has--— charges of 

electricity. a) positive b) negative c) neutral 

21. _ _is a member of the family of good con¬ 

ductors of electricity. 

a) pure water b) wood c) glass d) copper 

22 . Electrons moving in a conductor are called: 

a) voltage b) ohms c) power d) current 

23 . The force that makes electrons move in a conductor is 
called: 

a) amps b) power c) voltage d) current 

24 . _ _____. is the standard unit of measure for elec¬ 

trical resistance. 

a) amps b) ohms c) watts d) mhos 

25 . The flow of current is measured in: 

a) watts b) volts c) ohms d) amps 

26 . Ohm’s law of resistance-voltage-current relationship is 

stated mathematically: 

a) I equals E/R b) E equals IR c) R equals E/I 

27 . The tungsten filament of a light bulb will not burn out 

immediately because there is little or no- 

present inside the bulb. 

a) air b) oxygen c) argon d) neon 

28 . In a vacuum tube the electrons flow from the filament 

to the__which is positively charged. 

a) cathode b) grid c) plate d) battery 

29 . The power supply of a radio contains a rectifier tube 

which changes the alternating current of the set trans¬ 
former into: a) alternating voltage 

b) direct current c) high frequency voltage 
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30 . The elements between the eathode and plate of a vae- 

uum tube are called: 

a) eliminators b) capacitors c) grids 

31 . The grid controls the electron flow by the degree of 

_charge. 

iT negative b) positive c) neutral 

^ f n Vi a ic tbe volts. £6 relation- 

32 . Bias voltage in a vacuum tube h 1 g s 

ship between the grid and: a ) plate / 

c ) suppressor grids d) cathode . 

33 . Transistors are a modern substitute for *e old style: 

a) battery b) power supply c) vacuum tube 

34 . An output transformer in aradio amplifier changes hrgh 

voltage and low current into - P 

the loudspeaker. a) low voltage and high curren 

b) direet current e) electrons 

35 . Transistors require --P uw 117 

age because of their special use. 
a) more b) less c) tlie same 

36 . The screen grid in a vacuum tube serves to- 

the electron flow to the plate. rPr tif v 

a) slowdown b) speedup e) drvert d) rectdy 

37. The suppressor gr id in a vacuum tube tends to .. 

stray electrons from the plate. , 

a) hold back b) catch c) repel d) “change 

38 . The cathode of a vacuum tube needs to be heated by: 

a) The electron flow b) the plate cncui 

c) the bias voltage d) the filament 

39 . ^different sections 

40 . A microphone converts sound energy mto: 

a) radio frequency b) direct current 
c) electrical energy d) rectified energy. 
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ANSWERS TO TESTING YOUR ELECTRONIC IQ 


1 . 

d 

11 . 

a 

2 . 

b 

12 . 

c 

3 . 

b 

13 . 

d 

4 . 

b 

14 . 

b 

5 . 

a 

15 . 

cl 

6 . 

d 

16 . 

b 

7 . 

c 

17 . 

d 

8 . 

c 

18 . 

c 

9 . 

d 

19 . 

c 

10 . 

c 

20 . 

a 


21 . 

d 

31 . 

a 

22 . 

d 

32 . 

d 

23 . 

c 

33 . 

c 

24 . 

b 

34 . 

a 

25 . 

d 

35 . 

b 

26 . 

a, b, and c 36 . 

b 

27 . 

a or b 

37 . 

c 

28 . 

c 

38 . 

d 

29 . 

b 

39 . 

a 

30 . 

c 

40 . 

c 
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